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PREFACE 

Pbbyious to the publication of the preBont work, the want of a book of 
reference on Civil and Mechanical Engineering had long been experienced by the 
Engineer. A great deal of information of a usefnl kind had been recorded in 
the yarions Scientific Journals and Transactions of Engmeering SodetieSy bnt 
it was given in a form not available for ready reference. The work so much 
needed is supplied, we trust, in this Dictionary of Engineering, written 
mainly by practical Engineers well acquainted with special branches of their 
profession, and whose names will be found in the List of Contributors. 

Use has also been made of a large number of works devoted to Civil, 
Mechanical, Military, and Naval Engineering, and of the published writings 
of eminent Engineers. 

Many subjects which ought perhaps to have a place in a complete work have 
been omitted, in the desire to confine the number of pages to something near the 
limit announced at the commencement; but we may be allowed to add that 
no other work on Engineering has been published which contains such a 
variety and amount of information on the same class of subjects in a collective 
form. 

From the commencement of the work until August, 1872, the editorial 
department was conducted by Mr. Oliver Byrne, assisted by Mr. Ernest Spon ; 
at that period Mr. Byrne ceased to be Editor, and the work has been 
completed under the direction of Mr. E. Spon. 

Our thanks are specially due to G-. 0*. Andr^, Esq., C.E., fi)r the careful 
attention bestowed on the subjects entrusted to him; and we also return our 
sincere thanks to the kind friends who have assisted in the compilation and 
revision of the various articles. 

E. & F. N. SPON. 
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pipes would create a partial vaoanm in that part of ite motor oylioder ; but then the atmosphere 
pressing on the surface of the water in the cistern would at onoe open the yalye and admit as much 
water nom the cistern as required to restore the necessary equilibrium. Other appliances for 
signalling a defect and instantly remedying it haye been proyidea ; but we shall not describe them 
hm. 

By this system, the force developed by the motor may be transmitted to the pump without any 
other loss than that due to the friction of the water, which for a depth of a thousand feet will 
usually be less than 2 per cent, of the total force required to raise the water. It is applicable to 
water as well as to steam power, and the pumps being double-acting, no portion of the power of the 
water-wheel is lost The pressure-pipes are fixed parallel to each other against the sides of tlie 
shaft, or upon the floor of a level, so that the space occupied by them is practically nothing. When 
used in the place of flat rods, that is. when carried horizontally from the engine-house or water- 
wheel to the shaft, they may be laid underground so as not to obstruct surface operations. One 
great advantage possessed oy this system is the facility it affords for changing the direction. 
!noyided sharp angles are avoided, the pressure-pipes may be carried along in all manner of direc- 
tions, as occasion and locality may require, without any appreciable loss of power. 

Pumpt for Sw'faee^aming. — ^The requirements of surface-draining, and the conditions under 
which a pump applied to that purpose has to work, are altogether different from those which we 
have been considering. In mines a comparatively small quantity of water has to be lifted to a great 
height, and the motor is, in most cases, necessarily situate a long distance from the pump. For 
sumce work, such, for example, as draining a marsh, a large quantity of wat«r is required to be 
lifted to a small height, and the motor may be placed close to the machinery to be driven. 
Generally the motor unll be steam : for it is rarely possible to obtain water-power in a convenient 
situation. In Holland wind is freouently employed for this purpose, but the variable character of 
this motor renders it unsuitable for pumping operations. It may, however, often be used as an 
auxiliary with great advantage. The kind of pump best suited for surface drainage is, in general, 
the centrifugal pump. The nature of this pump renders it peculiarly well adapted for this kind 
of work. It is exceedingly simple in construction, is easily erected, and requires no massive foun- 
dations. The absence of valves is a great advantage, as small pieces of wood, weeds, and other 
small floating substances, may be passed without choking the pump. An experiment was made 
some time ago with one of Appold's 12-in. pumps by throwing in all at once about half a gallon of 
nut-galls when working at full speed. They all passed through without one being broken. Also 
when the Height of lift is small, a very large quantity of water may be raised a minute by a centri- 
fugal pump, a condition usually imposed by tne nature of the work, and which this pump is there- 
fore capable of fulfilling. We have described and illustrate some of the best models under 
Hydraulic Machines, and hence it will be unnecessary to do more than refer to them here. In 
many cases, Murray's chain-pump may be applied to the purpose of surface dniinage with advan- 
tage, especially when the area to be drainecl is small. It will be for the engineer to determine 
which of these kinds is the more suitable to the requirements of the case under nis consideration. 

Pumpafor Water-iupplj/, — The requirements of this case are — a large quantity of water to be 
raised to a considerable height, and a steady, continuous supply, requirements which neither the 
centrifugal nor the chain pump is capable of satisfactorily fulfilling. Beciprocating pumps are 
exclusively used for this purpose. Whether, however, the lifting or the forcing variety is the more 
suitable seems still to be an open question, judging from the want .of uniformity in the practice of 
engineers. We have shown that whenever a considerable height of lift and a continuous working are 
conditions to be fulfilled, the force-pump possesses great advantages over the lift ; and it is satis- 
factory to see that the former variety is gradually coming into favour. No particular construction 
can be recommended for this case, as a great deal must depend on local crreumstances. For a 
small supply an arrangement of Hayward Tyler and Co.*s Universal pump has been found to 
work very satisfactorily. It has been used at the Slough Water-works, and also,' as an auxUiary* 
at the Tottenham Water-works. 

PtimjM for ^Raiting particular Liquids, — We*have spoken of the corrosive properties of mine water, 
and the necessity of lining the working barrel and other working parts with brass, to enable them 
to withstand the corrosive action. This precaution is, however, iusufflcient in many cases where 
liquids of a particular nature have to be raised. Thus in chemical works pumps are required to 
nuse strong acids and various other substances which would speedily destroy the workiiig parts if 
constructed of ordinary materials. In paper-mills they are needed to raise the paper-pulp and 
bleachers ; in breweries, for raising the hot wort ; in gasworks, for pumping smmoniacal liquor and 
tar ; in tan-yards, for pumping tan liquor ; and also in town drainage works, for raising the sewage. 
The only kind of pumps suitable for these operations are the reciprocating kind, and of these the 
foreing variety is the best adapted for sewage, and, generally, the lifting variety for the other 
purposes mentioned. The fittings of pumps to be applied to any of these purposes should be 
of gun-metal. Oast-iron clacks are frequently used for pumping ammonia water ; but generally 
gun-metal should be adopted. In chemical works it is often necessary to employ india-rubber 
instead of metal for the valves. In Fig. 6420 we illustrate a pump specially designed for these 
purposes, having india-rubber valves and a glass cylinder. The deeign and construction of this 
pump^ which is known as Perreaux's, are excellent. The working barrel A is made from the best 
plate glass bored out by machinery and polished. The bucket-valve B and the foot-valvo 0, shown 
in section m Figs. 6421, 6422, are of india-rubber, and the elasticity of the material is relied 
npon to close them. We are not aware of any experiments made to ascertain the amount of slip 
through these valves, but the principles we laid down in the former part of this article would lead 
us to expect very little. The mode of fixing these valves is so clearly sliown in the figures that 
description is unnecessary ; we cannot, however, refrain from expressing our admiration of the very 
excellent nature of this mode, which is alike creditable to the designer and the constructor. The 
glass barrels are mounted in cast-iron suction-pipe and rising-main, with wrought-iron stretcher- 
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liquid to enWr by the force of its a 



Id raiBing hot llqqids, anoh g 

p .L_ I ■Lui.- -J oreating a vacnnm in oonseqnen 

1, therefor^ the pamp miut be placed on a sntBoiently low level to alloir the 
le fbrce of its own graTity. When it is required to miae liquids of nich a 
eoDBtateney ai to be incapable of » rapid flow, ne tar, for example, ttie motion of the pomp ghonld 
be alow, and the height of the motion shoold be redooed aa much aa possible. In anch oaaea. tha 
pipes and workin)! barrel shonld never be of snkall diameter, and the valves shonld have a higher 
lift than i« lequiglte for water. Also all contractionB of the passages and changes of direction 
should be avoided, aa they gimtly impede the flow of thick liquids. Theee remark apply, thoogb 
in a leas degree, to town eew^. 

Pumps fur Emptying Doeb.—Tbe requirements of this ease are similar to tboee of snri^ 

drainage, and therefore the SI ~' — i..a..ji..- — 

however, that the ni ' 

CbHtradonf Pumpt. — Tlie chief pairiosea to which a contractor's pamp is app 
removal of water from cattiogiB and other excavations, and the emptying of coflb 
nature of the work, and the conditions under which it has to be eiecnted, are such that a pomp 
which is to be applied to these purposes mnst be simple in oouBtmction, capable of bearing rough 
usage, easily repaired when ont of order, of suoh a nature that it may be readily erected in any 
locality, and lu readily removed when circmnstauQes require it, capalilo of raising a oonsiderabb 
qnantity of water to a small height, and noid but Uttle attention. The whole of these reqoire- 
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J engineering works recently, and appears to have given entire satisfsetion. 



I, that it may take its steam imin a portable engine that ii 

„ , . e pumpaosed on board ships to remove the bilge- water, that is, 

.__ ...JT which lies nponthe bilge or bottom of the veesel. In their simplest form they oonsist of 
a pump having a stafl' or rod 7 or 8 ft. long, with a bar of wood to which the leather is nailed, and 
which serves instead of a boi. This staff is worked by men who poll it up and down with a rope 
bstened to the middle of it. Bilge-pnmpe as now used in all but tne smallest vessels, have all the 
improvements that of lata jiears have been eOMed in this kind of machinery. Usually they ara 
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Sompa we have already deacribod, it vill not be necessary to d«eoiibe them here. Among the beet 
esigoed and oonetnicted of this clam of pumps are tboae manufactured by Watt and Co. Cen- 
trifugal pnmps have been Baocoasfolly applied to this pnrpose. 

Fumpafor Sapplyaig HydrauJia Uachiaery, — The purpose of this claaa of pnm^a is to force water 



icipiocftting, and of tlieas only tne f 
lulled to tlieio pntpoaea, beyond th< 
iiform. The chief Rquirement is t 



by the engine against the preeaare — often oqual to 1500 It. of water — eieitcd by tl 
the latlet that of Brabms'a press, into which the water i» forced againat the prcaeuie uub kj ma 
elasticity of the substAnee oompresaad. The only kind of pump applicable to this case ia the 
if tlieas only the foidng Tariety. There ia nothing particular to note in pumps 

- .t "y of adapting their detaibi to the work they huve to 

. aaveral parts shall posseas sufficient strength to with- 

nre to wliich they will be subjected. 
, — Theau belong to the aamo claaa of pumpa aa the preceding. They are required to 
(brce water into a boiler against the preesnre of t)ie steam, and henoe are subject to the same con- 
ditions as those for supplying hydraulic machinery. A certain degree of modiQcation in the case of 
(eed-pnmps is due to the fact that they nsnallj work against a lower pressure than the latter; but 
eesentiallr the conditions are identical. The some kind and variety of pumps will therefore be 
requisiu in this oase. Feed-pumpa have been fully tr^tod of imder Details of Engines, and we 
miiBt refer the reader to that article for complete information on this subject. 

Air-pump>. — Air-pumps are employed either to exhaust the air contained in a given space, or to 
oompreea the air contained in that space. The latter are of the nature of the forcing pumps 
employed for liquids ; the former reaemble the lifting pump. We have described end illustrated 
both kinds under Aiivpnmp. Diving, and Details of Kngines ; in the latter of tbcse articles the 
air-pump, es applied to atetun-engiuee, being fully disoussod. Beoentlv. however, the compressing 
air pnmp has been applied ta tlie setting of large iron oolumns in deep water, by eipelling the 
water and mud from ttia bottom by means of rompresaed ail instead of pumping it out of the lop. 
The engineer of the new graving dock at Hog Island, Bombay Harbour, conceived ttie idea of 
setting the largo columns. 6 fL in diameter and TO ft. in length, required for this work, in this way. 
To do thia, however, an aii-pump of great power and Luge volume was requisite. Bucb a ptunp 
was deeigued and supplied by Bamett and Foster, of London, and its use was attended wiUi 
remarkkble success. Fig. 6423 is a sida elevation, mud Fig. 6121 a section through one of the 




alindoa of this large treble pnmp. These eylindera are 9 in. in diaioeler and 18 in. In length, 
e throw of the crank being 9 In., and the diameter of the latter 5 in. The leathering of the 
piston ia on the principle adopted in hydraulic pumps, that is, it is so arranged that the pressure 
from within helps to tighten.it. This arrangement is shown at G, Pig. 6424. I'he diameter of the 
blet-vatte B is 1| in., and that of the outlet-valve A 2 in. There is a copper cooling cistern around 
the outside of the pumps. This cistern is a cylinder of latgei diameter than the pump-ojlinder, 
the annular space between the two being filled with water (o prsvent the latter from becoming 
heated, and so to preearve the air within the pump from being rarefied. The three pump- 
cylinders are connected at the top. as shown in Fig. 6423, and hence the stream of air is oontinuous. 
On the top of each cylinder there is a lubricating cup. 

The mode of applying this pump to the setting of the enlnmiiB was as follows ;— The several 
pieces were bolted toother above water in a mnssive fVunewnrh, and lowered to receive a fresh ■me 
till the flrit touohed the bottom. The hood was then fitted Into the top, and the intertoi of the 
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oolamn pnt into oommnnieatioa with the air-pump. The water oontained in the ooltunn was thni 
forced down and out at the bottom, the time required to clear out the whole of the contents being 
less than half an hour. Such was the force of the pressure deyeloped, that the whole column would 
frequently lift fully 18 in., letting the mud out at the bottom. When cleared, the columns were 
entered, and filled up to a height of 5 or 6 ft. with hard cement, thus converting them into a solid 
mass at bottom. When it is added tliat the power requisite to work the air-pump was only 6-horBe, 
the superiority of this mode of emptying columns over that usually adopted of pumping the water 
out of the top will be readily acknowledged. 

PUPPET. Pb., Poup€e; Gbb., Docke; Ital., Toppo; Span., Soporte da mandril. 

The upright support of a mandrel in a lathe is termed the puppet or poppet. See EtAMD-TooLS. 
Machine Tools. 

PYROMETER. Fb., Pyrometre; Gbb., Pyrometer; Ital., Pirometro; Span., Pirdmetro. 

A pyrometer is any instrument used for measuring degrees of heat above those indicated by the 
morounai thermometer, and constructed usually on the principle of registering or measuring, by 
means of multiplying levers and a scale, the change in length of some expansible substance, as a 
metallic rod, when exposed to the heat, to be measured. 

QUARRYING. Ph., Exploitation dea oarrieres, Detacher le roc, les pierres; Qeb., Oestem 
abtreiben; Ital., Oavare; Span., Canteria. 

An excavation made for the purpose of obtaining stone is called a quairy. When the object 
sought is a metal or coal, the excavation is called a mine. A quarry is usually worked open to 
surface, and is never carried to a great depth ; a mine, on the contrary, is rarely worked to surface, 
and the depth to which it is sunk is in all cases considerable. Quarrying differs little from mining 
ill piinciple beyond what follows, through the latter being essentially an underground operation. 

Quarries are of two kinds, determined by the use to which the excavated material is to be 
applied ; and the mode of carrying out the work of excavation differs in detail in each of these 
kinds. When the stone is required for building purposes, it is requisite to extract it in that form 
from which the designs of the builder can be most readily obtained, and at the same time to avoid 
waste by breaking the stone in an undesirable manner. This necessitates a certain mode of 
operating, and some care and skill in conducting the operations. But when the shape and size of 
the pieces of stone extracted are immaterial, as, for instance, in the cases of chalk for lime, stone 
tor road construction and maintenance, or in cuttings through rook for a line of railway, the expe- 
ditious removal of the stone is the main object to be kept in view. 

In quarrying for any of the above purposes, as, indeed, in all operations, a great object is to 
produce the greatest resnlts with the available means. And to effect this object, it is necessary to 
study closely the formation of the rocks in which the excavation is to be made, so as to be able to 
take advantoge of the natural divisions, and by thut means to greatly lessen the labour of the 
qaarrvman. It must be borne in mind that all rocks belong to one or other of two great classes, 
namely, the stratified and the unstratifled. The former are sedimentary rooks, occurring in parallel 
beds or strata, an I in -lude a large class of most valuable building materials, such as the magnesian 
lime, sand, and free st )ne, millstone grit, Yorkshire landings, anof other well-knovm stone. Unstra- 
tifled or igneous rocks, which include greenstone or whinstone, granite, and porphyry, have no 
distinct bedding, that is. they do not lie in separate layers. Roofing slate is a stratified rook, but 
it splits into thinner laminsB in the direction oi its cleavage than in that of its beddine;, the former 
being often at right angles to the latter. Some igneous rocks, as granite, have also a natural 
cleavage, though not stratified. Advantage must be taken of all these peculiarities in order to 
carry out quarrying operations in an efficient and economical manner. 

When the excavation is in stratifieil rock and the stone is required for building purposes, hand 
labour is generally preferred to blasting, especially when large blocks for columns, obeusks, tomb- 
stones, and similar objects are required. Such blocks are obtained from the more valuable parts of 
sandstone deposits, technically known as liver-rook ; these are the thicker and more consolidated 
strata. Pieces of limited thickness, as flagstones, are obtained from the thinner beds termed bed-rocks. 
In quarrying by these means from stratified rooks, a sufficient surface of the rock is first laid bare 
parallel to the bed of deposit This portion has then to be disconnected from the general mass by 
cutting through the stratum or layer, so that it may be removed by sliding upon its bed. To effect 
the operation, the quanyman, having previousl/* marked out on Uie exposea surface the size and 
shape of the stone required, makes a number of small holes with a pick along the line drawn. The 
dlstanoe of these holes apart will depend upon the facility with which the roek can be cleaved. 
Wronght-iron steel-tipped wedges are then inserted in the holes and struck in succession with 
heavy hammers until tne opening made by them extend from one to the other and also down 
through the stratum. The block is then free to slide upon its bed, and is removed from its original 
position by means of iron bars and levers. When the stratum is too thic^ to be divided in this 
way, and the stone is of a nature to yield readily to the outtine tool, which is nsually a pointed 
hammer called a pick-hammer, the holes above referred to are sunk deeper, in the form of the letter 
y , and the wedges inserted in the bottom. Another mode, when the rocks are easily cleaved, is to 
insert another row of wedges parallel to the natural cleavage. By striking these simultaneously 
with the others a block is procured of less thickness than the stratum. 

When the blocks have oeen removed firom their natural position, they have still to be quarried 
into shape according to the purpose for which each piece is best suited. Thus, in a building-stone 
quarry, after the stones of unusual size and quality nave been selected for the purposes mentioned 
above, the larger pieces are roughly formed into ashlar, window-sills, lintels, ryoats, oornorSi steps, 
and the like, by means of picks, hammers of various kinds, and wedges. The small irregnlar-flhaped 
pieces are called rubble, and are used for the commonest kind of building. Slates are split up into 
the requisite thickness by means of a broad chisel and mallet. 

The methods we haye described apply ohiefiy to quarries opened for the sole purpose of procuring 
building stone. But it behoves the engineer who has to execute an excavation in stratifiea rooks to 
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consider whether the material removed may not be advantageonsly employed in the oonstmction of 
his works, and if such be the case, whether he may not profitably adopt these methods in preference 
toothers which, though more ezi^ditious, spoil a large proportion of the stone. 

When the rock is unstratifled, or when the stratum is too thick to be disrupted by the wedge 
without great labour, recourse is had to the action of ezplosive agents. The explosives most 
frequently used for this purpose are fi;un-cotton, dynamite, and gunpowder. Dynamite is now 
often employed, and always with oonsiderable success. The dangerous character of gun-cotton has 
hitherto preyented its adoption for ordinary operations, while the comparatively safe character and 
conyenient form of gunpowder have commended it to the oonfidence of workmen, and hence, for 
quarrying operations, this . ezploeiye is generally employed. We shall therefore, in treating of 
blasting for stone, consider these operations as carried out by the aid of g^unpowder alone. 

The system of blasting employed in quarrying is that known as the small-shot system, which 
consists in boring holes from 1 to 3 in. diameter in the rock to be disrupted to receive the charge. 
The position of these holes is a matter of the highest importance, from the. point of view of pro- 
ducing the greatest effects with the available means, and to determine them properly requires a 
complete knowledge of the nature of the forces developed by an explosive agent. This knowledge 
is rarely possessed by quarrymen. Indeed, such is the ignorance of this subject displayed by 
quarrymen generally, tnat when the proportioning and placing the charges are left to their 
judgment, a large expenditure of labour and material will produce very inadequate results. In 
all cases it is far more economical to entrust these duties to one who thoroughly understands the 
subject. The following principles should govern all operations of this nature ; — 

The explosion of gunpowder, by the expansion of the * gases suddenly evolved, develops an 
enormous force, and this mrce, due to the pressure of a fluid, is exerted eqiiolly in all directions. 
Onsequently, the surrounding mass subjected to this force will yield, if it yield at all, in its 
weakest part, that is, in the part which offers least resistance. The line along which the mass 
yields, or line of rupture, is called the liue of least resistance, and is the distance traversed by the 
gases oefore reaching the surface. When the surrounding mass is uniformly resisting, the line of 
least resistance will be a straight line, and will be the shortest distance from the centre of the charge 
to the surface. Such, however, is rarely the case, and the line of rupture will therefore in most 
instances be an irregular line, and often much longer than that from the centre direct to the 
surfiEuse. Hence in ail blasting operations there will be two things to determinCt the line of least 
resistance and the quantity of powder requisite to overcome the resistance along that line. For it 
is obvious that all excess of powder is waste ; and, moreover, as the force developed by this excess 
must be expended upon sometlting, it will probably be employed in doing mischief by shattering 
stones which it would be desirable to preserve whole. Charges of powder of uniform strength 
produce effects varying with their weight, that is, a double charge will move a double mass. And 
as homogeneous masses vary as the cube of any similar line within them, the general rule is esta- 
blished that charges of powder to produce similar results are to each other as the cubes of the lines 
of least resistance. Hence when the charge requisite to produce a given effect in a particular 
substance has been determined by experiment, that necessary to produce a like effect in a given 
mass of the same substance may be readily determined. As the substances to be acted upon are 
various and differ in tenacity in different localities, and as, moreover, the quality of powder varies 
greatly, it will be necessary, in undertaking quarrying operations, to make experiments in order to 
determine the constant which should be employed in calculating the charges of powder. In 
practice, the line of least resistance is taken as the shortest distance from the centre of the charge 
to the surface of the rock, unless the existence of natural divisions shows it to lie in some other 
direction ; and, generally, the charge requisite to overcome the resistance will vary from ^V to ^ of 
the cube of the Une, the latter bein^ taKen in feet and the former in pounds. Thus, suppose the 
material to be blasted is chalk and the line of least resistance 4 ft. The cube of 4 is 64, and taking 
the proportion for chalk as -^t we have f^ = 2^ lbs. as the charge necessary to produce 
disruption. 

In commencing quarrying operations, the first thing is to find an exposed surface behind which 
the charge may be placea so as to force it outwards. A vertical surface presente fewer difficulties 
than any other, both because the resistence in such a case is usually less, and because the proper 
placing of the charge may be more readily effected. When the blasting is in stratified rock, the 
position of the charge will firequently be determined by the natural divisions and fissures ; for if 
these are not duly token into consideration, the quarryman will have the mortification of finding, 
after his shot has been fired, that the elastic gases have found an easier vent through one of these 
flaws, and that conseauently no useful effect has been produced. The line of least resistance, in 
this case, will generally be perpendicular to the beds of the strato, so that the hole for the charge 
may be driven parallel to the strata and in such a position as not to touch the planes which separate 
them. This hole should never be driven in the direction of the line of least resistance, and when 
practicable should be at right angles to it. 

The instrumente employed in boring the holes for the shot are iron rods having a wedge-shaped 
piece of steel welded to their lower ends and brought to an edge so as to cut into the rock. These 
are worked either by striking them on the head with a hammer, or by jumping them up and down 
and allowing them to penetrate by their own weight. When used in the former manner they are 
called borers or drills ; in the latl^ case they are termed jumpers. Recently power jumpers worked 
by compressed air, and drills actuated in the same manner, have been very successfully employed. 
Holes may be made by these instruments in almost any direction ; but when hand labour only is 
available, the vertical can be most advantageously worked. 

The speed with which holes may be sunk varies of course with the hardness of the rock and 
the diameter of the hole. At Holyhead the averaee work done by three men in hard quartz rock 
with l^-in. drills was 14 in. an hour; one man holding the drill, and two striking. In granite of 
good quality, it has been ascertained by experience that three men are able to sink with a 3-in. 
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jumper 4 ft. in a day ; with a 2i-iiL jami>er, 5 ft ; with a 2t-in. 6 ft.,- with a S-in^ 8 ft ; and with 
a lH°-« ^^ ^^ -^ strong man with a 1-in. jumper will bore 8 ft. in a day. The weight of the 
hammers used with drills is a matter desemng attention ; for if too heavy they &tigue the men, 
and consequently fewer blows are given and the effect produced lessened ; while, on the other hand, 
if too light, the strength of the workman is not ftdly employed. The usual weiglit is from 5 
to 7 lbs. 

As tlie labour of boring a shot-hole in a given kind of rook is dependent on the diameter, it is 
obviously desirable to make the bole as smcdl as possible, due regard being had to the size of the 
charge ; for it most be borne in mind in determining the diameter of the boring that the charge 
should not occupy a great length in it Various expedients have been resorted to for the purpose 
of enlarging the hole at the bottom so as to form a cliamber for the powder. If this could be easily 
effected, such a mode of placing the charge would be highly advantageous, as a very small bore- 
hole would be sufficient, and the difficulties of tamping much lessened. One of these expedients is 
to place a enLiU charge at the bottom of the bore and to fire it after being properly tamped. The 
charge being insufficient to cause fracture, the parts in immediate cental with it are compressed 
and crushed to dust, and the cavity is thereby enlarged. The proper charge may then be inserted 
in the chamber thus formed by boring through the tamping. Another method, applicable chiefly 
to calcareous rock, has been tried with satisfactory results at Marseilles. When tne bore-hole has 
been sunk to the required depth, a copper pipe, Fig. 6425, of a diameter to fit the bore loosely, is 
introduced, tlie end A reaching to the oottom of the hole, which is closed up tight at B with clay 
80 that no air may escape. The pipe is provided with a bent neck G. A small leaden pipe about 
4 in. in diameter, with a funnel / at the top, is introduced into the copper pipe at D and passed 
down to within about an inch of the bottom. The annular space between the leaden and copper 
pipes at g is filled with a packing of hemp. 
Dilut4 
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dilute nitric acid is then poured throu^ ^^• 

the funnel and leaden pipe. The acid dis- 
solves the calcareous rook at the bottom, 
causing an efferveeoence, and a substance 
containing the dissolved lime is forced out 
of the ormce 0. This process is continued 
until from the quantity of acid consumed 
it is judged that the cliamber is sufficiently 
enlaiged. Other acids, such as muriatic or 
sulphuric, will produce the same eflects, but 
the result of the chemical solution will of 
course depend upon the nature of the stone. 

After the shot-hole has been bored, it is 
cleaned out and dried with a wisp of hay, 
and the powder poured down ; or, when the 
hole is not vertical, pushed in with a wooden 
rammer. The quantity of powder should 
always be determined by wei^nt One pound, 
when loosely poured out, will ocoupv ^bout 
30 cub. in., and 1 cub. ft. weighs 57 lbs. A 
hole 1 in. in diameter will therefore contain 
'414 oz. for every inch of depth. Hence to 
find the weight of powder to an inch of depth 
in any given hole, we have only to multiply 
'414 oas. by the square of the diameter of 
the hole in inches, and we are enabled to 
determine either the length of hole for a 
given charge, or the charge in a given space. 
It is important to use strong powder in blast- 
ing opei-ations, because, as a smaller quantity 
will be sufficient, it will occupy less space, 
and therebv save labour in boring. 

When the line of least resistance has been 
decided upon, care must be taken that it 
remains the line of least resistance; for if 
the space in the bore-hole is not properly filled, the elastic gases may find an easier vent in that 
direction than in any other. The materials employed to fill this space are, when so applied, called 
tamping, and they consist of the chips and dust of the quarry, sana, well-dried clay, or broken brick 
or stones. Various opinions are held concerning the relative value of these materials as tamping. 
Sand offers very great resistance from the fi-iction of the particles amongst themselves and against 
the sides of the bore-hole : it may be easily applied by pouring it in, and is always readily obtain- 
able. Clay, if thoroughly baked, offers a somewhat greater resistance than sand, and, where readily 
procurable, may be advantageously employed. Broken stone is much inferior to either of these 
substances in resisting power. The favour in which it is held bv quanymen, and the frequent use 
they make of it as tamping, must be attributed to the fact of its being always ready to hand, rather 
than to any excellent results obtained fimm its use. 

To lessen the danger of the tamping being blown otrt, plugs or cones of metal of different shapes 
are sometimes inserted in the hole. The best forms of plug are shown in Figs. 6426, 6427 ; Fig. 
6426 is a metal cone wedged in on the tamping with arrows, and Fig. 6427 is a barrel-shaped plug. 
These mechanical contrivances are employed only in particular circumstances, such as blasting in a 
■haft ; but their efficacy may well be aoubted. 
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In determimng the most eocmomio method of obtaining a given anantlty of stone from a quarry 
of any particnlar description of rock, it is necessary to asoortain, first, ^e speed with which the 
bore-noles may be sank ; second, the effects of certain agents, such as small chaiges or acids, in 
enlarging the chamber at the bottom ; third, the constant from which the charge is to be calculated ; 
and, fourth, the height of face that can be obtained in the quarry. The latter is a very important 
question eoonomically, for it is obvious, since the charge is placed behind the face, that the higher 
tiiat fistce is, the larger will be the mass of rock dislodged. When the face is low, the charge has 
the same mass to act upon as when the face is high ; but in the latter case, a much larger mass 
is dislodged by its own weight After these data have been determined, the size of the block 
required must be considered, and a large charge, or a succession of small charges, applied accord- 
ingly. In some quarries large charges are always preferred on account of the less frequent necessity 
of clearing the quarrjr of the workmen. To fire the charge a Biokford*s fuze is generally employed ; 
this faze is inexpensive, very certain in its effects, not easily injured by tamping, and is unaffected 
by damp. 

In excavating rock for a railway cutting, a gullet or small cutting is first carried throughout the 
work, and it is of the highest importance uat this gullet should be carried down to the rail depth 
of the cutting. The gullet is tnen widened by blasting down the faces. The economy of these 
operations depends in a very high degree upon the skill with which the charees are applied. 
There is a case on record in which a railway cutting through hard rock was carried down by blast- 
ing to a depth of 2 or 3 ft. less than was required of the contractor. To remove these 2 or 3 ft. by 
band labour, cost about a guinea a cubic yard, whereas the rest of the cutting averaged only 8i. 6a. 
Had the g^et been taken out to the reauired depth in the first instance, and the chaiges placed 
lower, the same quantity of powder would have been sufficient to complete tiie work. 

In quanying, as in mining, much of the cost is incurred for the removal of water from the 
workings. A set of pumps and a steam-engiAe, or a water-wheel where water-power is available, are 
indlBpensable for every ouairy of any extent. The clearing away of sand, gravel, and other loose 
debris from the u^^r oed of the rock also entails considerable expense. This debris, which 
geologists call drift, and quarrymen tirring, often becomes suddenly^ very deep, especially when the 
beds dip at a high angle, and it constitutes an obstacle by which many quarries of stratified rock 
are soon arrested. 

See BoRiNo and Blastiho. TumnLLnro. 

BAOK. Fb., CremaUUre; Geb., Zahustange; Ital., DenUera; Span., Cremailera. 

A rack is a straight bar with teeth on its edge arranged so as to gear with those of a wheel or 
pinion which is to drive or follow it - See Msohanigal Movxmbnts. 

RAIL. Fb., Bail; Geb., Schiene; Ital., Rotaia; Span., BarrcHxurnl, 

See Matbbials of Gonstbuohon, Strength of. Pebkanent Wat. Bailwat Enoineebino. 

RAILWAY BVTGIK^EBINO. Fb., Conttrttctum dea chamms de fer; Geb., Eiaenrbahn Bauten; 
Ital^ Costnuione deUe strode ferrate ; Span., Direocion facultativa de ferrfHsarrHes. 

Tne subject of railway engmeering includes all the duties which devolve upon an engineer in the 
laying out and oonstructbi^ a line of railway, from the preliminary surveys and levels necessary to 
the selection of the most ehgible route, to the final laying of the permanent way. Some of the more 
important works of construction inseparable from a line of locomotive traffic, are described under 
their respective heads, as well as many minor details also connected with the present subject In 
EnglancTand in Continental countries, certain formalities in relation to tJie Legislature and the 
preliminary surveys, must be complied with, previous to obtaining permission from the Government 
to construct the proposed railway. This is known in England as Parliamentary work, and is 
nothing more than the observation of certain regulations with regard to the preliminary surveys, 
laid down by the Government In every instance it lb indispensable to conduct these survevs, ami 
therefore we shall describe the best method of carrying them out in a general point of view, leaving 
the legal part of the subject out of Consideration. All information on this point so far as Great 
Britain is concerned, can be obtained from the Standing Orders ot the Lords and Commons. 

Prditninary Survey or Beoonnaisaance. — ^The first step necessary towards the construction of any 
description of route of communication between two places, whether railway, road, or canal, consists 
in a preliminary survey or leconnaiBsance, to use an expressive term firequently employed by military 
engineers. This reconnaissance requires that the proposed route be either ridden or walked over, 
and a careful examination made of the principal physical contours and natural features of the 
district The amount of care demanded and the difficulties attending the operation will altogether 
depend upon the character of the country and the condition of civilization to which it has attoined. 
The absence of any map, no matter how incomplete and erroneous it might be, is a serious incon- 
venience. Engineers wno have made only proliminaiy Parliamentary surveys at home, with the 
Odnance maps in tiieir bands, know littie of the trouble, delay, and disadvantages attending the 
absence of all such guides. In the former case they have the bearings marked down for them with 
all the accuracy requisite for their purpose, in the latter they must obtain them by observations 
along the journey. It is for this reason that the spirit-levels used by engineers in England are 
rarely or ever provided with compasses, as the existence of excellent maps renders them unnecessary, 
whereas they are always attached to the instruments intended for foreign service, when it may be 
necessary to determine one's whereabouts at any moment 

The mmiediate object of the preliminary survey is to select one or more trial lines, from which 
the final route may be ultimately determined. When there are no maps, or when those which can 
be procured are not sufficiently in detail, points to the right and left of the imaginary line of road 
must be ascertained by bearings and connected by triangalation with the theodolite. The details 
may be filled in with the plane table and compass, so as to afford an accurate survey of the portion of 
the country, more or less wide, through some part of which the proposed route must pe^s. Many 
engineers prefer the prismatic compass or the box sextant for filling in details. Sometimes a 
eepaiste survey must be made of each trial line by a traverse, and villages and other important 
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points laid down by taking oross-bearings with the compass. When the eevend trial lines are all 
plotted to the same scale, a good map can be prepared from which the exact line of road can be 
selected. In making a reconnaissance there are several points which, if carefully attended to, will 
very considerably lessen the labour and time otherwise required. Lines which would run along the 
immediate bank of a large stream, must of necessity intersect all the tributaries confluent on that 
bank, thereby demanding a corresponding number of bridges. Those again which are situated 
along the slopes of hills are more liable, in rainy weather, to suffer from washing away of tiie 
earthwork and sliding of the embankments, than others which are placed in valleys or elevated 
plateaux. When a line of railway crossej the ridges dividing the principal water-courses, the 
ascents and descents are greater, and the cost of working the finished line will be propordonably 
increased. 

The position of summit levels, important features to be determined in selecting a line of railway, 
road, or canal, may be ascertained bv observing the direction and size of the existing water-courses. 
The diagram in Fig. 6428 shows that the water falls from to D, and also transversely from 
AAA and B B in the direction of D. In Fig. 6429 the ridge is broken along the line A A, from 
which the water flows in both directions towards C and D. In order to join the points A and D in 
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Fig. 6430 the line may run at onoe through B and 0, or it may pass by way of the streams L M and 
O P. By the latter route the line would rise along tiie whole distance from A through L and M to 
the summit at K, and fall from N through O and r to D If the district between B and C consists 
of an elevated plateau, the longitudinal sections of the two lines will be represented in Figs. 6481, 
6432, bv A B D and A N D. If the line passes from A to B in Fig. 6438 by the several routes 
A, B, 0, D, the corresponding sections will be as shown in Fig. 6434. The conclusion to be drawn 
from these diagrams is that the difference of elevation to be overcome will be a minimum when the 
line crosses at the head of the streams. 

Trial Lines by Compaas, — ^When the line of railway haa been approximately found by the reoon- 
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nalannoe, a trial line ma; be nin by oompsu thnnigh tboM psits ot the dlerbiol which preMUt the 
most favourable featarea. It may be roogbl; Maked out, aJid the leadiog topographnal delkils 
right and left of it ahetched ia. If the trial line abould folloir the bed of a stream, it will hare > 
contour A M 0, u BhowD in Fig. 6435. Tlie loweet line of the valle;, althongb moderately iaeliaed 
at flret, mes mure and more rapidl; in the direction of the aouroe of the BtieMii •■ rapie^poted by 
the cloeer approach of the oontonr linee on the plan in Fig. 6436. If ft be required Ibat Ibe line 
■hotild rise uniformly from A to the snnuoit levu, the horiioDtal distances between the contonr lines 
miut beoll eqaal Ihroagboat the whole aeoeot This equality may be eDsored by caoaing the line 
to cat the contoara at right angles during the flrtt part of the ascent, and obllqnel; aa the lommit 
level is approached. By these means the contour linea become nearer to one another, and we obt^B 
the section A M M A on the plan in Fig. 6436. The contour line is level. The line cutting the 
eontoor line at right auglee u the steepest lice the gjround allows of, and the inclination can be 
varied at pleasure between those limits. A very good idea of the reenlt, so far as the section ia oon- 
oemed, of onlting the oontonr lines in different distanoes is shown in Figs. 6437, 6438. If the points 
A and B be oonneoted opon the plan in Fig. 6437 by the straight line A B, we obtain the section 





iOowii by A L N M B in Fig. 6438. If the wnte follow exactly the direction of the oontonr line 
from A to B, all the points are on the same level; and the section will be repres?Dled by the 
horizonlal line A B in Fig. 6438. If the ronla mn midway between the straight line A B and the 
contour line A E F H B, the corresponding section will be given in Fig. 6438 by A E F H B. If 
the points C and D, which are at different elevations, be connected by the straight line CD in 
Pig. 6437, the section will be repreaented by I P K D in Fig. 6138, To descend at a noirorm 
rate of inclination from C to D, the rate mnst be known, and the vertical distance between the 
eontonr lines. The correKjonding horiwrntal distances between the contour lines are then known, 
which, applied as Iw the dots in Fig. 6438, give the required deoceut. The oorreaponding spotionis 
sbown ini-lg. 6438 by the straight line C D. - ■--"--■*- "^- -'-- "■- "- 



The line A E F B B on the plan is longer than the 
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straight line A B, and the oontonr line is longer stilL This increftsed length is not represented in 
the section in Fig. 6438, as the objeot is merely to show the general relation between the plan and 
section, and the use of correctly-drawn contour Unes in adjusting any route to the ground. 

DrkU Lines by the Aid of a Map. — )Vhen the map of a district is procurable, the task of laying down 
one or two trial lines from which to select the final route, becomes more or less difficult in proportion 
to the scale of detail to which the map is drawn. Supposing that a really good map is obtainable, 
something approaching English Ordnance maps, the operation is as follows ; — Map in hand, the 
engineer walks over the ground, marking on the plan certain points through which the trial lines 
are to paes. The points are connected together by straight lines and curves of given radii, and 
the line or lines are then ready to be levelled over, in order to ascertain which of them presents the 
best section or profile, as it is sometimes called. In instances in which the proposed route will pro- 
bably run for a portion of its length along one or other of the banks of a stream, trial lines must be 
made on both banks, not onl^ in or^er to determine the best loujgitudinal section, but also to dis- 
cover the number of tributaries or feeders which belong to each side, since every one of these neces- 
sitates a bridge, or at least a diversion of the stream. 

Trial or Flying Levels, — Wlien once the trial lines have been marked on the map, the levelling 
is done by an ordinary instrument in the same manner as for the final route, which will be described 
in its proper place. But in countries of which there is no map, and in which the natural 
features are extremely rugged, the levels along a proposed route cannot be taken by the spirit- 
level. A leas precise, but more portable, and more easily manipulated instrument must be employed. 
It must be borne in mind that in new countries in which there are no buildings, no private 
demesnes, and no vested interests to interfere with, the selection of a line of railway depenos alto- 
gether upon the longitudinal section. For this reason the exact route is of little consequence, and 
the preliminary survey is limited, in the first case, to determining the relative altitudes of certain 
points through which, or in the vicinity of which, the line must pass. If we suppose for a moment 
that the altitudes of ten obligatory points have been ascertained, it is a simple question of winding 
the line between them, or, in other words, lengthening it until the maximum gradient which can 
be worked, is obtained. Flying levels are taken with great convenience and sufficient accuracy 
for the purpose by means of an excellent little instrument called the aneroid barometer. This 
instrument consisto of a flat cylindrical metallic box, exhausted of air, the top of which is made 
very thin, and oormp;ated in concentric circles, in order to render it more elastic. When the 
atmospheric pressure moreases, this corrugated top is fi>rced inwards or downwards. When, on the 
other hand, the atmospheric pressure decreases, the elasticity of the metal, aided by a spring or a 
counterweight, tends to move it in the opposite direction. This movement of the top of the box is 
conveyed by a series of multiplying levers to an index moving over a circular scale, graduated to 
correspond with the structural barometer. The several parts of this instrument are shown in 
Fig. 6139. A A is the metallic box, with corrugated top, exhausted of air, and fixed to the bottom 
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of a brass case enclosing the mechanism of the whole instrument. B is a small column connecting 
the top of the box with the principal lever E D, the latter moving upon the folcrum 0. The move- 
ment of the small end of the lever is carried by the rod F to the short end of the bent lever G K, 
to the upper end of which is attached the watch-chain 1 1. This chain passes round a smedl drum 
upon the arbor carrying the needle N N at its upper end. 

A smaU hair-spring upon the arbor regulates the motion of the needle. S is a spiral spring, 
which, by its tension, raises the principal lever E D, when the pressure on the top of the box is in 
any way lessened. The droular scale, seen in section at M, is graduated by comparing its indica- 
tions under different pressures with those of a standard mercurial barometer. 

With a good aneroid a difierence of 10 ft. in elevation may be detected. The mercurial column 
in the cistem barometer falls, in round numbers, 1 in. for each 1000 ft. of ascent. The amount of 
motion of the aneroid needle corresponding to 1 in. of the mercurial column depends upon ^e size 
and proportions of the instrument. With t)ie outer case 5 in. in diameter, the needle is 3 in. long, 
and the diameter of the graduated cirde the same. 1 in. on the mercurial column is represent^ 
upon such a circle by an inch and a half. This inch and a half is called an inch, and is divided into 
ten parts ; and each of these again is subdivided into five parts ; and as these smeller divisions are 
easily halved by the eye, the -^ of an inch, which corresponds to a difierence in elevation of only 
10 ft., is readily determined. 

To use the aneroid, the following rule has been prepared ; — ^As the sum of the readings at the 
difierent stations is to their difference, so is ^5,000 to the elevation required. Thus, if the reading 
at the foot of a hill is 30-05, and at the top 29*44, the sum is 59-49, and the difference 0-61; 
whence the proportion 59*49 to 0*61, aa 55,000 to 564 ft. At the back of the aneroid is placed a 
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gmall screw, by meaoA of which the needle may be set in either diieotion, so as to correspond with 
a standard barometer. In measuring an elevation, or in running lines of levels, the aneroid should 
be compared with a standard barometer or with another aneroid at the commencement and at the 
termination of the work, and at frequent intervals between, in order to detect any irregularity in 
the instrument The aneroid is chiefly useful in working from one known elevation to another, to 
determine the approximafce heights of intermediate points. For long-continued observations, 
unchecked, or for long profiles, the barometer is of little or no use. 

The instrument should be carefully handled, and when used held in a horizontal position, in 
order that the counterweight may act properly. For nice work, an allowance should be made for 
variations in the temperature, both of the air and of the instrument. 

This has not been commonly done in using the aneroid, though the results would certainly be 
more reliable if this point was regarded. 

Flying levels may be taken by the plane-table by adjusting it carefully to the horizontal posi- 
tion, measuring the tangent of the angle of altitude or depression and multiplying it by the distfmce. 

When the barometer is employed for taking preliminary or flyinij; levels, the following formulsB 
may be used for calculating the diflerence of level at the different pomts where the observations are 
made. Let H and H| represent the height of the mercurial column in the barometer at the lower 
and higher stations respectively. Put T and T| for the corresponding temperatures at the two 
stations of the mercury in degrees of Fahrenheit, as shown by the attached thermometer, and T, 
and T, for the temperatures of the air in degrees of Fahrenheit, as shown by the same thermometer. 
Then, putting H, for the height of the higher station above the lower, we have 

H, = 60860 { log.H - log.Hj - 0000044(T - T^ } fl + ^*%^"^ )' 

When rapidity of calculation is more desirable than great aoeuraoy, the vtedue of H, sufficiently 
exact for all practical purposes is given by the equation 



H, = 66800 (log. H - log. H.) (l + ^!^') 



If tables of logarithms are not at hand, and when the height does not exceed 3000 ft the baro- 

(T — T \ 
1* 4- ^^^^ 1 , from 

which H. = 52428|^(l + ^'+^-«* ). 

These formulse are applicable also to the aneroid barometer, with the exception of the correction 
depending on the temperatare by the attached thermometer. The aneroid barometer may be con- 
stnicted in such a manner as will enable all corrections for the effect of its own temperature on its 
indications to be dispensed with. If it be required to correct the difference of level for variations 
in the force of gravity, the value already found for H, must be multiplied by 

1 + 0-00284 COS. 2\+ ^* 



104*50000 



In the equation X is the mean altitude of the two stations or points of observation, and H, the 
mean of their heights in feet above the level of the sea. 

Flying or preliminary levels may be also taken by determining the boiling point of pure water 
by a sensitive thermometer. The boiling point falls very nearly at the rate of one degree of 
Fahrenheit, for every 543 ft. of ascent. The exact rate may he thus determined ; Let F = 
height in feet, then F = 517 (212» - Tj) + (212^' > T)*, in which T is the boiling point in 
Fahrenheit's scale and F the height of the station where the experiment is made, above a station 
where the boiling point is 212°. To compare the levels of two stations the boiling point of pure 
water is to be observed at each, and the quantity F calculated by the formula for each of the 
boiling points. The approximate difference in level will be the difference of the values of F cor- 
rected for the temperature of the air. 

The use of flying levels, besides affording general information with regard to the proposed route, 
is to determine the elevation of detached points of great importance respecting the cost and 
feasibility of the line. It is frequently at these spots where constructive works of great magnitude 
are ret^uired, and unless a tolerably approximate idea of their relative level can be previously 
ascertained, it is impossible to make an estimate of the expense of the whole undertaking. In an 
old country the levels are frequently made subservient to tne plan, that is, that there are so many 
objects to he avoided in order to prevent incurring heavy compensation and other serious expenses, 
that the direction of the line is often of more importance tnan the levels and gradients. The 
reverse is the case in new countries and colonies. The direction of the line, so far as the land is 
concerned, is of no consequence. It is the question of the levels which virtually decides whether 
the line is actually practicable, and determines the route which it must follow. 

Selection of Movie, — In deciding on a project for a railway, the engineer will have to form an 
opinion as to whether the expenditure will be repaid, and to select the route which secures the 
greatest traffic, and at the same time involves the least expenditure. He has to decide whether the 
amount of traffic to be expected wOl warrant the construction of a first-class railway, or whether a 
railway of a lighter description will suffice, cheaper to construct, but of correspondingly less carry- 
ing power. Such problems involve statistical, political, and commercial consideratioas, as well as 
engineering ones. 

There are certain items in the construction and maintenance of railways which are independent 
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of the route selected, bnt there are others which, on the oontnuy, are altogether dependent upon 
it. The varioiu items which regulate the rate at which goods can be oanyeyed upon railways are 
as follows ; — 

1st. The interest on the capital expended during the constmction of the line. As this charge, 
for a given line, is a fixed sum, its inflnence on the cost of transport will be in the inverse ratio of 
the quantity of traffic. 

^d. Of the cost of repair and maintenance of the railway, including the earthworks, the per^ 
manent way, the buildings, the rolling stock, and the apparatus employed in woddng. 

8rd. Of the cost of police. 

4th. Of the cost of traction, which is proportional to the traffic. 

5th. Of the expenses of management and working, proportional in part to the traffic, and 
partly independent of the quantity of traffic. 

On English railways only about 50 per cent, of the capital expended before the opening 
of the railway has been spent on the actual works of construction. Of the remainder about 
20 per cent, on the ayerage has hem laid out in the purchase of land, about 10 per cent, in 
the purchase of carrying stock, and the remainder in law expenses, discounts, and other pre- 
liminary charges. 

Of tne gross receipts, taking one year as a sample, 7 per cent was absorbed in maintenance of 
permanent way, 18 per cent, m locotaiotiye and wagon expenses, 12 per cent, in traffic charges 
and 10 per cent, in police rates and other expenses, amounting to 47 per cent, altogether, and 
leaving 53 per cent, for payment of dividends. 

It is important to notice the relative proportions of these items, because they indicate the order 
of precedence of the questions to be considered in the selection of a line of nulway. It is easy to 
show from these figures that the augmentation of the traffic holds the first rank amongst the con- 
siderations determining the choice of route, and that economy of construction takes precedence pf 
questions depending on the expenditure of locomotive power. 

For a colonial line the cost of construction bears of course a larger proportion to the gross pre- 
liminary expenditure ; the cost of land ma^ be reduced, and other preliminary items, unavoidable in 
an old country, vanish. In the construction of the Mauritius Railway the land cost 17 per cent, of 
the preliminary expenditure, and nearly the whole of the remainder was due to cost of construction 
and rolling stodc Obviously, in such a case, economy of construction is relatively of greats 
importance 

If all the traffic is between two terminal poiots, then the best direction for the road is the 
straight line joining them, because, other things being equal, the straight road being the shortest 
wiU be the cheap^ to work, and the least expensive to construct. For through traffic the only 
reason for departing from the straight direction is the necessity of avoiding heavy works of con- 
struction ; and the question whether a straight line involving difflcult works, or a more circuitous 
but easier route is to be preferred, resolves itself into the question whether the annual saving of 
cost of carriage and maintenance, due to the less length of the more direct route, is greater 
or less than the interest of the excess of outlay due to its adoption. And since the annual saving 
of transport on the shorter distance will be proportional to the quantity of traffic, it is obvious that 
the greater the amount of the traffic, the more the outlay which may be incurred to secure the 
shortest road. 

In the earlier railways in England, constructed at a time when the power of the locomotive was 
very limited, all other considerations were sacrificed with a view to the attainment of the most direct 
and most perfect line. Indeed, directness was held only second to the necessity of easy gradients. 
No expense in heavy works of construction waS spared, either in shortening the line or reducing 
its gradients. Locke was the first to break through this rule, and his system, known at the time 
as the undulating system, was to follow as far as possible the undulations of the ground, and to 
diminish to the utmost the cost of construction, by avoiding heavy works. To that end he not only 
permitted his lines to deviate from the direct route, but he introduced gradients of 1 in 70 to 1 in 80, 
or five times as steep as the ruling gradient on the London and Birmingham, twelve times as steep 
as the ruling gradient of the Liverpool and Manchester, and nearly twenty times as steep as that of 
the Great Western. 

All the tendency of railway engineering since Locke's time has been to follow the direction 
indicated by him ; instead of ranking fiatness of gradient first, directness second, and economy of 
construction third, in considering the route to be adopted, that order might almost be said to be 
inverted in all but exceptional instances of large and assured traffla 

Independently of quantity of traffic as imecting the outlay on a railway, the necessii^ of 
economy of construction becomes of paramount importance in new countries. In America it is 
often necessary to push forward a railway into new districts lo^g before the traffic has assumed 
defined directions, or its future amount can be estimated with any certainty, and when capital for 
constmction of an expensive line cannot be found. In such cases the railway has to be constructed 
as cheaply as possible, idmost without regard to the effect of the sacrifices to secure that end on the 
ultimate cost of transport. The establishment of such a line is, in America, immediatdy followed 
by the setflement of population in the adjacent country, the introduction of industry, and the deve- 
lopment of natural resources ; and by the time the cheap structure is worn out the profits have 
usually been sufficient to replace it by a more durable and perfect one. Such a course, however, is 
not to be justified in a country where the population is tolerably fixed and the traffic can be 
estimated witii some degree of certainty. In that case, the question between the cheaper and the 
more oxpensive route is, simply, in what way wUl the total cost of transport, inclusive of interest 
charged on outlay, be made a minimum ? 

When it becomes a question how far the railway shall deviate from the straight line, not only 
to reduce the cost of works of construction, but to secure increased traffic, the question is a still 
more complex one. If a railroad is very short, the larger proportion^ of its traffic is through traffic; 
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l>nt tlie longer it ii, the larger the proportion which the looal bears to the through traffic. The 
majority of panengOTS do not travel more than 25 miles, and the same rule holds wiUb freight. A 
straiffht ana direct line serves best the through trafllc between the terminal points, but it perves 
very badly the intermediate district. In England, in France, in AmericiL and in India, the import- 
ance of the local traffic has proved much greater than was at first expected, and is nowEO much more 
generally recognized than it used to be, that it is impolitic and prejudicial to sacrifice the inter- 
mediate districts to the terminal ones. In India the local traffic pays much more than the throoffh 
traffic, and it has in some instances been found worth while to make a considerable detour in order 
to pick it up, instead of leaving it to find its way to the main line, or attempting to serve it by 
branches. The real question in such a case is, how far will the reduction of the cost of carriage, 
due to the augmentation in quantity of the traffic, compensate for the increased expenditure in 
tmction and maintenance of the longer line? 

Gauge, — The gauge of a line depends upon several oonditions, such as the gauge of lines already 
existing, which must be placed in communication with the proposed railway, the amount of traffic 
likely to be developed, the pecuniary condition of the country, and the local features of the route. 
The gauges at present of lines worked by locomotives vary from 1 ft. 11^ in. to 7 ft. f in:, the 
former being that of tlie Festiniog Railway, and the latter that of the Great Western. The latter 
may, however, be regarded as exceptional and obsolete, as it is rapidly giving' place to the standard 
gauge of 4 ft. 8} in. In the article Permanent Way, some particidars are given of the various 
gauges adopted in English colonies and elsewhere. A break of gauge, or the constructi'^n of some 
lines in the same country of a different gauge to others, is very undesirable, although this has taken 
pluce in India. The means by which to guard agaiiist this error, is not to construct the first lines 
in the country of a gauge in excess 
of the requirements of the traffic. 
It is easy in countries in which the 
land is not of any great value to 
lay down an additional line of rails, 
which will enable more trains to be 
run, when necessary, without neces- 
sitating an increase in the size of 
the locomotives and rolling stock 
generally. A broad gauge means 
a corresponding increase in the size 
of all the standing works of the 
line, and consequently an increased 
expenditure in their construction. 
Instead of adhering to any par- 
ticular standard, the gauge of a 
line in a new country should bo 
selected, as that which will be suffi- 
cient for the demands likely to be 
made upon it for many vears by the 
traffic of passengers and goods. In 
Japan, for instance, a gauge of 3 ft. 6 in. has been adopted. The manner in which the gauge affects 
the standing works of the line, and the transverse area, will be apparent ftom an inspection of 
Fig. 6440 and Table L, in which all dimensions are in feet and inches. 
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Oangn: 


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


L 


J- 


K. 


L. 


H. 


N. 


0. 


P. 


Broad .. 

Standard 
Irish .. 
Indian., 
k'russian 


7-Of 
4-8i 
5-3 
5-6 

4-8i 


60 
6-0 
6-0 
60 
6-2i 


7-0 

6-7 

8-2 

6*11} 

6-7 


27-6 

24-3f 

28-0 

24-10 

24-6 


13-5 

ll-lj 

11-8 

11-11 

11-4 


5-71 

4-7 

4-9 

5-2} 

6-6 


1-4} 

2-0 

1-7J 

1-9 

1-2 


16-0 
14-6 
14-6 
14-6 
15-9 


14-0 
11-0 
10-6 
11-6 
15-9 


2-9 
20 
2-9 
30 
2-6 


9-6 

8-4 

10-0 

10-6 

8-7 


14-3 
13-6 
18-3 
13-6 
18-6 


11-7 
11-7 
11-6 
11-6 
12 


3-1 
3 4 
3-5 
8 6 
8-6 


510 

6-8 

6-2 

6-5 

5*9 


60 
2-0 
80 
30 
6-7 



Although the wider the gauge, the wider the rolling stock, as a rule, yet the breadth of the 
carriages does not depend altogether upon that of the gauge, because the overhang, or the prcjeo- 
tion of the sides over the metals, may be varied to a certain extent, according to the opinion of the 
engineer. It is evident that with a gauge of very limited dimensions, if the overhang is oonsider* 
ably out of proportion, the carriages will rock very much, and dangerously so at high speeds. Aa 
the gauge mmmishes, and the overhang increases, the whole system beoomeB approximated to a 
single rail with the rolling stock balanced upon it. The rooking or lurching of carriages beoomeB 
sometimes very serious, especially when the six-foot or ordinary distance between any pair of rails 
is reduced, as occurs at stations and at those spots at which junctions and siding take plaoOi 
Accidents have happened at these points by reason of the sides of the carriages conung in contact. 
In all cases the gauge is measured from the inside of the head of the rails. Wheels which are 
desigfued for one particular gauge will run over others in which the difference does not amount to 
more than an inon one way or the other. 

QradienU and Curves. — The considerations which governed the adoption of gradients on ordinary 
roads were for a long time supposed to apply to the locomotive, and to fix the proper ruling gradient 
on railways at about 1 in 250. There has oeen much discussion as to the gradiente which a locomo- 
tive was capaUe of ascending, and as to whether the power expended un the asbendlng gradients 
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was (XT was not recapeiraied on the deseending ones. It was at no rery distant period predicted by 
a leading engineer that the working expenses of gradients of 1 in 40 would amonnt to such a snm as 
to more than swallow up any possible receipts. And on the earlier lines, in several instances, 
whore steep gradients oould not be avoided, stationary engines were erected to drew np the trains 
by lopo traction. Now the case of the locomotive is m many respects very different from tiiat of a 
horse on a metalled road. The tractive power of the engine for a g^ven effective steam-pressure is 
constant, and nearly independent of the velocity, and the adhesion is constant. Hence a reserve of 
tractive force for surmounting difficult parts of the line can only be obtained by working the engine 
over the other parts of the line at less than the fall power of which it is capable, and therefore 
uneoonomically. 

But, on the other hand, the resistance on railways is not, like the resistemoe on roads, indepen- 
dent of the velocity. Hence an engine will take up a gradient, at a slow speed, the load which it is 
capable of drawing at a much higher speed on the level ; and since, generally, some variation of 
speed may be permitted without objection, a oompensation is thus afforaed to the otherwise preju- 
dicial influence of the gradient. Again, if the gradient is only a short one, then the locomotive 
may, so to speak, take the gradient at a run, and, bv gradually expending in the ascent, part of the 
work accumulated in approaching it, may also take up a heavier load than would otherwise be 
poasible. BoUi these considerations help to explain why the influence of gradients on the cost of 
traction on railways has been much less than the earlier engineers supposed would be the case. 
The most important oonsideBation, however, is that the locmnotive expenses form only about one- 
third of ^e whole expenditure on transport; and since the power expended on the gradient affects 
only this item of the expenditure of working the line, it may easily be seen that there may in other 
ways be compensation to such an extent as to quite hide the influence of the gradients. The Lanca- 
shire and Yorkshire is a line with very heavy gradients and with very heavy traffic ; but neither 
the expenditure on maintenance of way, nor the expenses of traction a train mile, nor the proportion 
of the expenditure to receipts, differ much from that on other lines on which the gradients are much 
more favourable. 

But when the inclines are long and the traffic heavy there is no doubt that steep inclines have 
a very great influence on that part of the total cost of transport comprehended under the head of 
locomotive expenses ; and if a judgment is to be formed as to the desirability or not of permitting a 
heavy gradient, it must be by comparing the excess of cost of working due to the gradient with Uie 
saving in cost of oonstruction, or in other ways which its adoption permits. Desgrang^ has shown, 
in the Bulletin of the French Society of Civil Engineers how great is the influence of the Soem- 
mering incline on the cost of working the railway on which it occurs ; and similar results have been 
published in regard to the Giovi and Poretta inclines. 

Let us suppose an engine of the maximum ordinary weight, say 48 tons. If all the wheels were 
coupled, and tne coefficient of adhesion were taken at 4, the adhesion would be in Tound numbers 
1200 lbs. That the tractive force might be equivalent to this adhesion, supposing the cylinders 
18 in. diameter, 24-in. stroke, and the driving wheels 4 ft. diameter, the mean effective steam-pressure 
would require to be 50 lbs. on the square inch. 

Taking the resistance of a train at 10 miles an hoar at7 lbs. a ton, that of the engine at 18*5 lbs., 
with 1 lb. extra for friction, this engine would draw on the level a train load of 1600 tons. On an 
incline of 1 in 100 the train load would have to be reduced to 875 tons ; on an incline of 1 in 40 it 
would have to be reduced to 187 tons, and on an inoline of 1 in 27 it would only take up a load of 
81 tons. Lastly, on an inoline of 1 in 10 nearly, the engine would only be able to take up its own 
weiffbt 

Now, practically si>eaking, the cost of the engine power would be the same to the mile whether 
the engine were dragging beldnd 1600 tons on the level, or only taking its own weight up in 1 in 
10. It is obvious, Uiei^re, that on railways the ruling gradient has a great influenco on the 
locomotive expenses. 

In the above instances the work of the engine was limited simply by the adhesion. Let us 
suppose, next, that in place of carrving a maximum load the engine is required to work at a maxi- 
mum speed. In this case the work of the engme will be chiefly limited by the evaporative power 
of the boiler, but the gradients will have an equally striking influence. Suppose the same engine 
modified so as to have a single pair of driving wheels, the weight on which is 15 tons and the 
adhesion 8750 lbs., and let the engine be capable of developing 400 horse-power and work at a 
minimum speed on the gradients (2 40 miles an hour. The tractive force of the engine will be 
400 X 33000 yc 60 
^2isoyc^0 "^ ^^ ^^ ^ *^® reaistanoe of the tram be taken at 20 lbs. and that of the 

engine at 20 lbs. also, then on the level (48 X 20) + (P x 20) = or<8750, .-. P = or <140 tons. 

QQ4A 

On an incline of 1 in 100 (48 x 20) -|- (P x 20) + (P + 48) ^^ = or < 8750, .-. P = 40 tons; 

and on inclines greater than 1 in 87 the engine would be unable to maintain the speed with no train 
at all. 

:M_*^® P^°* .™**™?°* the problem with engineers is not so much how to construct lines with 

aum steepness, 
incline of 1 in 

_ __ _ _ iavo now been 

worked for years with ordinary locomotives. The navigation incline of the Taif Vale Railway, 
originally constructed for rope traction, is now worked by locomotives, the maximum gradient being 
1 in 17-8, and the average 1 in 20 for half a mile. The engines which work this inclme weigh, in 
working order, 36 tons, and they have six coupled 4-ft. wheels, 16-in. cylmders, 24-in. stroke, and 
work with a boiler nressure of 130 lbs. The maximum load they will take up the incline is 45 tons, 
and the regulation load 25 tons. The Mauritius Railway has gradients varying from 1 in 60 to 1 
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in 27, tbeie beiiig 2^ miles altogether of the latter gradient, and 6168 ft. in a oontinnons length. 
The railway riaee in all 1817 ft. in 16 miles, and deaoends an equal distance in 19 miles on the o3ier 
side of the ridge. This railway is worked by tank engines weighing 48 tons with eight conpled 
wheels 4 ft. in diameter, the cyunders being 18 in. diameter, 24-in. stroke, and the steam-pressiire 
120 lbs. These engines take ordinarily five passenger .carriages and a brake yan, weighing altc^ether 
42 tons, and on some occasions have taken 66 tons. The running speed of the passenger trains 
is 16 miles an hour, or, induding stoppages, 12 miles ; the ordinary lotA of goods trains in descend- 
ing is 100 tons, though 120 tons have oeen taken. The ordinary running speed for goods trains is 
12 miles, or, induding stoppages, 9 miles an hour. 




weighing 

190 tons up the Glyn Neath incline of 1 in 47 for 5 miles ; at 7 or 8 miles an hour a 56-ton engine 
has taken 800 tons at 6} miles up the same incline. On the Copiapo Railway in Ohili, which has 
been worked by locomotive power for six years, there are inclines of as much sa 1 in 20, and in the 
direction of the heayiest traffic of as much as 1 in 23. This railway rises 2276 ft. in 14} miles and 
then descends 1990 ft. in 9} miles. The engines are ou^de cylinder engines with six coupled 4-ft. 
wheels and a 4-wheeled Ix^e in front The weight of the engine in working order is 82 tons, and 
the adhesion weight 24 tons ; the ordinary load is 50 tons, excIusiTe of the engine and tender, and 
a load of 77 tons was on one occasion taken over the inclines of 1 in 28. It appears that in Chili 
an adhesion of one ouarter the weight on the driving wheels has been attained, and that one-fifth is 
utilized with the ordinary load. But the dimate of Ohili is peculiarly favourable, there being little 
rain. 

During the construction of the Baltimore and Ohio Bailway temporary lines with maximum 
nadients of 1 in 10' were constructed over the tunnd ridges for the conveyance of materials. 
Engines weighing 27 tons took one car weighing 14 tons over these indines. And over a similar 
temporary line with gradients of 1 in 16 ana 1 in 20, the same engine took regularly, for six months, 
three cars, weighing 15 tons each. 

Li the face of these facts the opinion of engineers has undergone a complete revolution on the 
question of steep gradients, and perhaps the tendency at the present moment is to adopt gradients 
even steeper than is desirable. As the power of the locomotive has increased, the possibility of 
surmountmg steep gradients has increased in the same ratio, and the question of rulmg gradient is 
mudi less exclusively dependent on the available power, and much more dependent on uie natural 
conflffuration of the countr y . 

No one would adopt steep gradients from choice. Btill, oases will arise where a oertain liberty 
of choice of gradient is afTordea, and this may arise in two ways. The engineer may have choice 
between a longer line with a flatter gradient, and a shorter with a steep giadient ; or he may have 
choice between lines nearly equal in length, one of which is a surfrMse line with heavy gradients, 
the other a line in wMdi ease of gradient is secured by tunnelling or heavy works of construction. 
In either of these cases the primary question is, to decide which alternative renders the sum of the 
expenses of traction and interest on outlay a ton of load carried, a minimum, and in ascertaining 
that the cost to the train mile may be assumed as approximatelv constant. 

The following approximate formula will be found convenient for estimating the train load which 
a given engine mil carry, supposing all the wheels coupled. P* = P*, then 
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For large and heavy traffic at high speeds it is worth while to incur almost any expenditure to 
obtain the best gradient possible. Jf the traffic is lighter, or chiefly passenger traffic, but the speed 
still required to be great, a somewhat steeper gradient may be adopted, say 1 in 100 to 1 in 150. 
If the traffic can be worked at dow speeds the nadient mav be ereater stiO ; 1 in 40 is the limit 
prescribed in the economical railway svstem in Norway. If the dimate is such that a large coeffi- 
cient of adhesion can be depended on, then the experience in Chili shows that inclines of 1 in 20 to 
1 in 25 may be worked by ordinary locomotives. Finally, if we change the structure of the loco* 
motive, as Fell has done, we may surmount gradients of 1 in 12. The less the individual weight of 
trains to be transported the steeper the gxadient which may be permitted. 

T&ere is, however, one aspect of steep gradients which requires notice, and that is, the increased 
dan^ attending the working. A train, the resistance of which is 7 lbs. a ton, will descend an 
inclme of 1 in 820 by its own weight, and on greater inclines its motion will be aocderated. The 
same happens to ordinary goods engines with coupled wheels on indines of 1 in 100, and to paa- 
eenger engines on inclines of 1 in 150 to 1 in 200. If the incline is a long one the acceleration in 
descending, due to gravity, may become dangerous, and the train may require to be controlled by 
the brakes, which involves a waste of power in friction and increased destinction of the permanent 
way. Now it appears that in fine, dry weather the retarding power of brakes is from 400 to 470 lbs. 
a ton of the weight on the wheels to which the brakes are applied ; but that in misty weather the 
average retarding force is only 120 lbs. a ton. or ^ of the weight. Hence, in misty weather, on 
inclines of more than 1 in 18 a carriage would descend by gravity alone even though its wheds 
were skidded, and in dry weather tlie same would happen on indines of more than 1 m 5. 

The distance in which a train could be stopped by the brakes in descending an incline of 1 in 




1 in 27, supposing the velocity attained before the application of the brakes to be 20 miles an hour, 
and with the brakes applied to all the wheels of engme and train, the distance required to bring 



the train to rest would be 20* -4-80 ^^-^^ = 720 ft. 
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It ifl not, however, nBual to brake the engine wheels except in emergenoies, beoauae the 
action of the brakee has been found to heat and loosen the wheel tires. Now, for goods trains with 

a 48-ton engine and 80 tons tiain, the coefficient of resistance wonld be reduced to ^ x -^ = ^ • 

In that case, with all the train wheels braked, the distance required to arrest the train on an 



incline of 1 in 27 wonld be increased to 20* -«- 30 
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4500 ft. During less than two 



years' working, trains have got beyond control on the Mauritius Bailway five times, attaining once 
an average speed over four mUes of 45 miles an hour, but in other instances terrible accidents have 
occurred from this cause. 

Sesittance of Cwvet. — Curves increase the resistance also in a degree not very well known. 
Bankine found the additional resistance due to curves, for light passenger-carriages, with truly 
cylindrical wheels to be in lbs. a ton, 1*4 -h radius of curve in miles. But he points out that if 
the wheels are not truly cylindrical, but somewhat coned, as is more common, the resistance on 
the level line will be increased, and that on the curves diminished, so that the difference between 
the resistance on the level and on curves will be less fdt 

Experimeota in America by Latrobe give for the resistance on curves in lbs. a ton, ' 578 •+- radius 
in miles. 

MM. Yuillemin, Guebhard, and Dieudonn^ found no sensible increase of resistance with 
passenger trains at low speeds on curves of more than 75 chains radius. At 35 miles on a curve 
of 75 chains the resistance of a passenger train was increased by 5 per cent., or the resistance due 
to the curve was 0'8 •f- radius in miles. For goods trains, the additional resistance at 16 miles on 
onrves of 50 and 40 chains was about 1 *5 -i- radius in miles. The passenger trains consisted of 
twelve carriages, and the goods trains of forty wagons. The increase of length of train appears to 
increase the frictional resistance on curves by rendering the line of traction oblique. 

Assuming, as sufficiently accurate for the purpose, that the resistance from curvature is inversely 
as the radius, it follows that there is the same resistance experienced in running 1 mile of a curve 
of 2 degrees as in running 2 miles of a curve of 1 degree. In both cases the number of degrees 
of deflection is the same. The total resistance is proportional to the whole number of degrees 
traversed, and is independent of the radius or length of the curve theoretically considered. 

The average of numerous experiments would seem to show that the resistance upon a 10-degree 
curve, or a curve of 574 ft. radius, at a speed of 20 miles an hour, is double that upon a straight Gne. 

In traversing therefore a 10-degree curve, a mile long, we should consume an amount of power 
sufficient to hai3 a train 2 mites upon a straight line. The length of a 10-degree curve is, however, 
only 574 x 2 x 3* 1416, or 8606 ft ; and this, being a whole circle, contains 360°. The proportionate 
number of degrees in a mile, or 5280 ft., is 527 ; which is thus the number of degrees, whatever the 
radius, consuming an amount of power which would haul a train 1 mile on a straight and level 
road at 20 miles an hour ; and this is therefore the equating number for comparing the curvature 
upon different lines, just as 24 ft. was the equating number for the comparison of gradients at the 
same speed. But, as in the case of grades, a double expenditure of power does not involve a double 
cost. We, however, increase the cost of operation more in doubling the resistance by curvature 
than we do in doubling it by gradients, since the effect of curvature upon the wear and tear of the 
engines, cars, and track, is greater than that of gradients. Taking the operation of the 1500 miles of 
railway in Massachusetts as a basis, and adding, for a double expenditure of power, demanded by 
curves, 25 per cent, to the cost of repairs of the roadway, engines, and curs, and 100 per cent, to the 
cost of fuel, we shall increase the whole expense of operating and maintaining the road by about 25 

Ser cent. If therefore a mile of road containing 527 degrees of curvature demands the exertion of 
ouble the power required upon an equal length of straight line, and if the exertion of a double 
power involves 25 per cent more expense^ the number of degrees consuming an amount of money 

sufficient to operate and maintain 1 mile of road will be -^^ of 527, or 2108 degrees ; which is thus 

aO 

the equating number for curvature at a speed of 20 miles an hour. This number, however, being 
based upon a double resistance, will vary according to the actual resistance upon a straight line, 
and thus according to the speea, as shown in the following Table, wh^re column 3 gives the radius 
of the curve upon which the resistance is double that upon a straight line, these radii being made 
inversely to the resistances in column 2. The number of degrees of deflection in ^column 4 is 
found by the proportion, rad. (col. 3) x 3*1416 x 2 to 5280 as 360^ to No. in col. 4; and the 

100 
numbers in column 5 are -^ of those in column 4, and may be used as the equating numbers for 

curvature. 

Table II. 



in 
miles an boar. 



15 
20 
25 
30 
40 
50 



Reiigtuioein 
lbi.atoD. 



9*3 
10-3 
11-7 
13-3 
17-4 
22*6 



Badinsof 

Canreof 

Doabl« 

Besistaaoe. 

636 
574 
506 
444 
340 
261 



CorrenoDdlng 

No. ofD^TMS 

inaMUe. 



476 
527 
598 
682 
890 
1159 



Equating Ko. 
to" 



1904 
2108 
2392 
2728 
3560 
4636 
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InasmQch aa the expense of operation is more Increased by sharp than by easy canratnie, just as 
it is more increased by steep than by light gradients, we should vary the equating number, in any 
comparison of surveyed lines, as we varied the equating number for gradients in the example upon a 
preceding page. It is, however, impossible to say, with any exactnoas, what this variation should 
DC, since we have no means of knowing what effect the sharpening of the curvature has upon the 
working expenses. Tbe general effect is, of course, to make the equating number smaller for sharp 
curves, and larger for curves of large radius. Suppose we have surveyMl two lines, the first being 
100 miles long, and having 4216 degrees of curvature, and the second being 98 miles long, and 
having 8432 degrees of curvature. At a speed of 20 miles an hour, the equating number is 2108 

4216 QJQO 

degrees, and the eqaatiug distances 100 + oTTjo* ®' ^^ miles; and 98 + ^Too* o' 1^2 miles. 

If we assume the cost of operation to be as the equated length, we may compare any number of 
routes, by adding in each case the cost of construction to the operating expense of the equated 
length, capitalized. From what has been said, it may be seen how important it is to guard against 
the introduction of gradients and curves without carefully considering thei' cost. We have regarded 
gradients and curves only as demanding a gpreater locomotive power, and as causing an increased wear 
and tear of track and machinery. 

When, however, a road is liable to be worked up to its full capacity by gradients or curves it becomes 
a much more serious matter. The capacity of a road being limited by the number and weight of 
trains that can be run over it, if by increasing the resistance by gradients or curves, the trains are 
reduced in weijy;ht one-half, the capacity of the road is reduced by the same amount, and the cost of 
transportation is doubled. 

In estimating the amount to be spent in reducing gradients or curves, we are of course to regard 
the effect of these elements upon the cost of operation in the same manner as above stated in tlie 
case of simple distance ; but the interest upon the cost of construction which applies to distance, 
does not apply to apradients or curves. Thud, while a certain number of feet of ascent, or of degrees 
of curvature, may be regarded as equivalent to a mile of distance, in the matter of operation, they 
are less objectionable by the amount of interest upon the cost of building a mUe of road. 

Cost of Transport over any given Lme,^Ha.ring decided upon the line of railway to be adopted, it 
will be useful to make a tolerablyaocurate estimate of the cost of the carriage over it, after having 
ascertained the necessary data. The cost will be nearly constant to the train mile, and its amount 
a ton of paying load wiU depend, first, on tlie g^ross load which the engine will draw, and, secondlv, 
on the ratio between the paying and the non-paying load. Put W for the gross weight of the train 
ill tons, exclusive of engine and tender, which the engine will draw. Let B = the resistance of 
the train in lbs. a ton, W| = the weight in tons of the engine and tender, R, = the resistance 
of the engine and tender as vehicles in lbs. a ton, V = tlie velocity of the train in miles an hour, 
N = the number of effective horse-power which the engine can develop exclusive of the friction 
of the machinery, W, = the adhesion weight of the engine in tons, and F = the coeflScient of 
adhesion. The effort in running will be W x B -f W) x Ri in lbs. The work a second 
expended by the engine is 1 '47 CN R + W, Rj) V in foot lbs. In order that the engine may move 
the train, the power must not be less than the latter quantity, and the adhesion not less than the 
former, so that to fulfil these conditions we have 1-47 (WR + W, R,) V = or < N x 550, and 
alsoWR-hW,R,= or< 2240 x F x W,. If the line, instead of being level has a ruling 
gradient equal to G, then the above equations become 1 '47 { W R + Wj R. :t 2240 (W + W.) G } = 
or < 550 N and (W R -h W, R.) ± 2240 (W + W,) G = or < 2240 FW,. In finding the value 
of R an approximate value for the gross weight of the train must be assumed, the weight of the 
train must then be calculated, and if the latter result does not agree with tne former, the new 
weight must be used in finding R, and a second approximation obtained. 

l)xperimentB have proved that for very low speeds the reslBtanoe of a train of carriages or 
wagons is simply proportional to its weight under given conditions, but that at higher speeds it 
increases rapidly. For slow speeds the value of R is about 7 lbs. a ton. Making W as before the 
gross weiffht of the train in tons, R the resistance in pounds a ton, and V the velocity in miles an 
hour, we nave the following values for R according to the conditions of euch particular case. 

1st. For goods tzains at 8 to 20 miles an hour, 

R = 8-64 -f '177 Y (for axles lubricated with oU), 
R = 508 + *177 y (for axles greased). 

2nd. For passenger and mixed trains, at speeds of 20 to 30 miles an hour, 

R = 4-l.'283V+-^— . 



Srd. For passenger trains at 30 to 40 miles an hour 

R = i-h '28SY + 
4th. For express trains at 40 to 50 miles an hour. 



187 V' 
W 



T> . .^.^ '126 V« 
R = 4+ -495 V+—^—. 

The resistance of the engines and their tenders, considered as vehicles, Ib greater than that of 
the train. The experiments on the friction of engines when drawn along the lino by another 
engine, are less complete than ^ose on the friction of carriages and wagons, but it appears that thp 
resistance of goods engines and tenders is about 2^ times as much a ton as that of the train ; and 

8 k 
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the resistance of engines witli one pair of driving wheels is about 1^ times that of the train, at 
speeds- not exoeeding 30 miles an hour. 

Within this limit the following formula give the resistance of engines, considered as carriages, 
that is, independently of the friction of the working parts when under steam. "^^^ 

Goods engine Rj = 9* 1 4. •442 y, 
Mixed engine R, = 5*5 + •265 V, r 
ExpresH engine Bg = 4-55 + '221 V. 

At higher speeds the resistance of the engines, consideied as vehicles, probably becomes 
sensibly equal to that of the train. If, instead of being drawn by another engine, as a vehicle, the 
engine has itself to draw the train, then the friction of its working parts increases, and a fdrther 
addition is made to the resistance. Yuillemin, Guebhard, and Dieudonn^ have fciund, by calcu- 
lating the actual engine power in one instance, that about 15 per cent, of the whole power of the 
engine was expended in the transport and friction of the engine itself, so that the tractive force on 
the draw-bar was 0*85 only of that calculated from the steam pressure. A common allowance for 
the extra friction of the working parts of the engine, when running with the load on, is 1 lb. a ton 
of the engine weight. 

Thus far the resistance on the level has been considered ; if, instead of being level, the line has 
a gradient, then the action of gravity increases the resistance, if the train is ascending, and 

diminishes it if descending. If the gradient is 1 in - so that is the sine of the angle of inclina* 

tion, and B is the resistance on the level, then the resistance to ascending the gradient is in lbs. 
a ton B + 2240 9, and in descending B - 22400. 

An approximate formula by Clarke for train resistances is convenient for calculation. If Bg s 
the resistance of engine, tender, and train in lbs. a ton of gross weight, then 

__ V« + 1368 __ « , V 
B.-— ^^j— -8 + — . 

Similarly, if B, = the resistanoe of the train alone in lbs. a ton, 

„ _ V«+1440 _ V , , 
^ "" 240 " 240 ■*" ^• 

These formulie do not take into account the friction of the nuichinery. The resistanoe due to the 
friction of the working parts of the engine with the load, together with that of the engine and 
tender considered as venicles, is given by Clarke as in lbs. a ton weight of engine and tender. 
iJalling this resistanoe B,, we have the equation 

In this equation the first quantity ( r^^ + 6 j is the resistance of the engine and tender as vehicles, 

(V* \ w ^ w 
z^ + 2 j — ^ — ^ reprosents the resistanoe due to the friction of the 

machinery. 

Estimate, — ^As the object is to reduce the cost of the line to a minimum, the gradients should be 
laid out so as to balance Uie respective quantities in the cuttings and embankments. Moreover, in 
laying down the gradients, attention must be paid to all details which may affect the cost of ihe work, 
such as the heights of floods, and the sections of the roads which have to be crossed either by an 
under or over bridge. At points whcro it is proposed to place stations, the gradients for a length 
of 7 or 800 ft. must be flat, if it is not possible to introduce a horizontal piece of that length. In 
determining when tunnels are to be made, regard must be had to the means of running out the 
material supposing an open cutting were to be substituted. The simplest case is that in which a 
tunnel is made instead of a cutting which would be run to spoil, and the height at which it 
becomes cheaper to substitute ttie tunnel may be thus found. 

Let H = the height in feet, B the base of the cutting, B the ratio of the slopes, P the price 

of the cutting a cube yard, and P* the price of the tunnel a yard run. The price of the cutting 

a yard run ¥rill be given by the equation P (B H + B H'), which by the question must be 

9 X P* 
equal to P*, so we l:ave H (B + B H) = — p— . Solving the quadratic we finally obtain 

/g ^ pi gr 3 

^ ~ 5 — 5" + To* ~* o T> • iMtead of the cutting being run to spoil, if jt should be wanted 
P X n 4 a, 2 B • 

to make up an embankment, the cost of the side cutting thus required must be charged against the 
tunnel in the estimate of its cost. The principal items in the estimate of a line of railwav, not 
including the locomotives and rolling stock, are as follows ; — Excavation, soiling and sowing slopes, 
feneins;, road metalling and pitching, ballast, boxing, public and farm road level crossings, bridges, 
tunnels, diversion of streams and rcAds, culverts and drainage, laying the permanent way, main- 
tenance of way. It will generally be found cheaper to divert roads and streams instead of building 
bridges either under or over them. In the latter case the interests of mill-owners and riparian 
manufacturers must be taken into consideration. 

Staking and Setting Out the Line and Works. — ^The chain used is generally eit!.er the 66-ft. or 
lOO-ft. chain. The latter possesses many advantages over the former, especially in the convenience 
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it affordB in oalonlatioDB of estimateB and gradi6nt& The only diandTantage the 100-ft chain 
lahonra under is, that it laoka whatever convenienoo ia supposed to appertain to the fact of 10 square 

statute ohains being equal to an acre; bu* ^'^ *' *- " -' "^ *"' ^ * ''^* " ' 

done in the field is, to mark out the centre 
100 ft., or whatever may be the length of tl 
curved, may beooDsidered as a series of intersecting straight lines joined by curves,' and the process 
of staking is based on this view. For ranging straight lines, or setting out curves, the transit 
theodolite is the proper instrument to employ. A line is transferred from the map to the ground 
by putting up five or six poles, or more, according to its length, at well-defined points on it-, such as 
the crossing of a fence at a measured distance from anotiier fence. Wlien these are erected with 
flags on them, two are selected to represent the line, and the rest taken down. 

In placing stakes for any structure, they should be so far outside the work that they will remain 
undisturbed during future operations. The stakes for excavations for foundations should be placed 
at the angles, and the working points must be so placed that lines stretched from one to the other 
will define the permanent superstructure. Two stakes placed at a moderate distance apart upon 
the land will determine any Une on water, and two sets of stakes, upon difTerent lines on land will 
by their intersection determine any point upon water with all the accuracy necessary for practical 
purposes. A permanent bench mark or B.M., should be established and accurately checked at the 
oeginning and ending of all cuttings and embankments, and intermediate ones put in at intervals 
of about 5 or 600 ft. These B.lis. should also be fixed at a short distance from every bridge, 
viaduct, or other permanent structure on the line, so that the requisite levels can be given to the 
workmen with pirenislon and (iBcility. All bench marks should be registered for future reference at 
any time.- 

The ranging the straight portions of a line is so simple an aflkir, that with ordinary care and 
attention an error is scarcely possible ; it is in the curves tnat errors are liable to be made, which are 
often not perceived until half the curve ia laid out, and even sometimes are only disoov^^ by the 
curve not coming in at its proper springing point, thus necessitatmg a repetition of the process of 
putting in the curve. Of the numerous methods at present known, some have been furnished by 
Bcientiflc persons laving no claims to professional practice, and consequently are of a purely theo- 
retical nature ; while others, though practically available, are only calculated to meet the require- 
ments of such very exceptional cases that their utility is exceedingly questionable. Excluding these 
as for obvious reasons unsuitable to the present subject, the remainder may be classed under two 
heads ; — Ist, the methods by offsets which dispense with the use of an angular instrument : and 2nd, 
the methods which require the use of such instnmients, or the methods by angles, as they have been 
called. In laying out curves by the former methods the necessazy instruments are choiii, ranging 
rods, offnet-staff^ or tape, where the offsets exceed 10 ft. in length. In the latter the ofEset-staff is 
replaced by a theodolite, plain or transif ; or a portable altitude and azimutii instrument might be 
used if a theodolite could not be obtained, though the preference should always be given to the 
theodolite as the proper instrument for laying out curves by the methods of angles. In the follow- 
ing investigation we shall take Rankine's method as the best example of putting in curves by mtans 
of angles, partly because this elegant and generally usefol method is becoming more and more 
adopted every day ; and partly bemuse the other examples of a similar kind are based upon the 
assumption that the springings. that is the commencement and termination of the curve, or each 
springing, and the intersecting point of their tangents, are visible &om one another — a condition 
which rarely occurs in practice. In the diagram, Fig. 6441, let S S| be the terminations of two 
straight portions of a railway which are to be connected by the 
curve S r B) ; SB) will thus be the two springings of the curve, *^^* 

P a point in the middle of the curve, commonly but erroneously 
called the secant point, and I the iutersectnig point of the 
tansents to the curve, or straight portions of the line. 

It may be observed that in all the methods included under 
the first head, where no angular instrument is employed, the 
springings cannot be obtained with any great pretensions to 
accuracy, fur tliey must of necessity be taken from the plan. 
We shall suppose the staking out of the line to have been pro- 
oeede«l with as far as S, which will be the commencement of 
the curve or first springing, and that the stakes are driven at 
regular intervals of 100 ft. apart, both in the straight and 
curved portions of the line ; we shall also assume, for simplicity's 
sake, the point S to be at one of these stakes, although it is 
right to mention that when the springings are obtained by the 
use of a theodolite,— that Is, generally, by observing the angle 
of intersection S I B„ Fig. 6441, calcuhiting the length of the 
tangent I S, and chaining to the point S, — the chances are that 
it will never coincide with one of the 100-ft. stakes ; on the 
contrary, by the methods by ofbeks where S is assumed, it 
would be sufficiently accurate in the majority of cases, and far 
more convenient, to take one of the regular stakes as the springing, and thus save the calculation 
of an additional offset. 

In Fig. 6441 let p„ p„ p„ be points in the curve 100 ft. apart ; and let us now examine the 
manner in which their positions are determined, ccmfining our attention, for the moment, to the 
left-hand ha^t of the figure, which will serve to demonstrate the principles of Bankine's method and 
the common method by ofiJBets. In the latter method the measured distances B c/, p^ efi, p, d,, and 
in the former Spi, P| p„ p, p„ are assumed eaual to the arcs, Spi, p, Pt, Ps pg. This is practically 
correct within certain well-known limits, nnd when necessary the error can be reduced, either by 

8x2 




2708 EAILWAT ENQINEERINa 

cftlonlation, or by driving the stakes closer to one another, say 50 instead of 100 ft. ; thie^ howerer, 
is not required except in very sharp curves. By the method of offsets the point P| is obtidned by 
chaining the distance Bd = 100 ft., and laying off at right angles the calculated offset d p, ; 
similarly the point /), is obtained by chaining p, d^, and setting off d^, p„ and eo on. By the other 
method, suppose the theodolite jplanted at B, the angle I S Pi is laid off = angle for one chain, and 
the chain stretched &om the point S ; where it intersects the line of direction given by the instru- 
ment will be the required jmint p, ; the point p, is obtained by setting off the angle I S p, = 
twice the former angle, and intersecting the line of direction by the chain, one end being firmly 
held at the last obtained point P| ; and so on until the nature of the ground renders it necessary 
to remove the instrument to one of the stakes whose position has b^n previously determined, 
when the same process is resumed and continued to the end of the curve. 

It is evident that by the former method the position of any point in the curve depends absolutely 
and entirely on the position of the preceding ones ; this, however, is not the case when the theodo- 
lite is used ; for, take the point p, tor instance, the line of direction of this point is given by the 
angle I S p, and is totally independent of the position of the point pi ; and it should be observed 
that the lines of direction are obtained with a precision which the modt practised and dexterous 
manipulation of the chain and offset-staff can never attain. 

It is true, notwithstanding this, that any error in the chaining would certainly produce an error 
in the position of the point p, ; but, in our present comparison, it is equally just to assume the 
errors incidental to chaining as common to both methods, or, what amountis to the same, to consider 
the chaining accurately performed. We then have the accuracy of laying off the offsets balanced 
against the accuracv of the theodolite. The difficulty of performing the former correctly increases 
with the length of the offsets employed ; or supposing the measured distances constant, inversely as 
the radius ; the reverse happens with the theodolite, for, as the angles to be laid off are Uius 
increased, the lines of direction are aU the more likely to be accurate. Progressive errors are 
common to both these methods, but the points F and S, act as certain and reliable checks in tho 
latter, respecting both distance and direction ; these checks are wanting in the former method, and 
in fact all that can be dono is to lay out the curve as accurately as possible, and take the chance of 
it coming in at the point S^, which chance, especially if the curve be a long one, is very small 
indeed, as may be imagined, when the inventor admits that iu many cases ** the curve has to bo 
frequently retraced several times before it can be got right." 

There are certain exceptional cuses, however, in which this method, on account of its requiring 
so few preliminary calculations and lines on the ground, is valuable ; as, for instance, where any 
intermediate stakes in a curve have been lost or destroyed, as frequently occurs during the progress 
of the works of a line. By simply producing the chords joining anv two stakes, and laying off the 
correct distances and offsets, the missing stakes can be restored with ease and facility ; albo in road 
approaches, road diversions, and all similar instances where the curve is short and great accu- 
racy not required, this common method will be found very useful. In order to obviate the pro- 
gressive errors arising from using such short distunces as one chain, greater lengths may be taken 
and the proper o£beto measured from them ; but, as the regular stakes would have to be put in 
afterwar(U, this modification of the preceding method, besides being liable to the same errors, 
involves the absolute necessity of putting in the curve twice at least. 

The right-hand portion of Fig. 6441 serves to show the demonstration of this; the errors du to 
progression being reduced by calculating the distance S, E, so that the measurod offset Ep, may 
serve as a check on the point p,, one of the regular stakes to be afterw^ds filled in. It may be 
urged as an objection to the method by angles, that a great deal of inconvenience and delay is 
incurred in chaining the tangents I S and I Sj, Fig. 6441, in order to obtain the accurate position 
of the springings of the curve S and S| ; these points, however, may be accurately found in another 
manner whenever the middle point P in tho curve is previously determined ; for let the instrument 
be set up over P. and the angles IPS and I P Sj laid off, eich being equal to 90° plus half the 
angle in the whole curve, which give us the lines of direction P S and P Si, and all that remains 
is to produce them until they intersect the two straight portions of the line in S and S, ; the nature 
of the ground will be the best guide respecting which of these means should be employed for tho 
above purpose. 

Another example of the methods by offsets is shown in the diagram, Fig. 6442, in which S P S, 

is the curve, and the remainder of the figure is self-explanatory. Taking the left-hand portion of tho 

diagram first, it will be seen that the distances are measured along the tangent line Sj, and the 

ofibets measured perpendicularly, which, it is manifest, in long curves of small radius, would assume 

such lengthened proportions as to render it impossible to lay them off accurately. As a rule, to 

ensure the proper degree of accuracy in the points of the curve in the example in Fig. 6442, the 

length of the curve should not exceed one-fourth of its radius, so that this method becomes inapj^li- 

cable to curves possessing radii of lengths greater than from one-eighth to one-quarter of a mile, which 

last is even a very short curve. This example has an advantage over the first described. Fig. 6441^ 

inasmuch as the progressive errors cannot go beyond half the curve, for the offsets for the remaining 

half are obtained rrom an independent datum, namely, the other tangent line S, I ; the liability to error 

is also further lessened in consequence of the direction of the lines along which the distances are 

measured remaining constant instead of requiring to be changed for every offset, as in the exaniple 

given befora. This advantage is partially lost in long and sharp curves, when, in order to keep the 

lengths of the offsets within proper limits, it becomes necessary to run two or more tangent lines as 

base lines to measure the offsets from, as shown on the right-hand portion of Fig. 6442 ; in fact., it 

amounts to this, that in order to reduce the chances of error in one direction we are compelled to 

incur the chances of making them in another. In the place of measuring the offsets perpenaicularly 

to the tangents, they maybe set off in the radial direction whenever the centre of tho curve is visible 

from the necessary portions of its circumference .* but this is a case which very rarely occurs in 

practice. When the curve is short and the radius large, these two methods approximate very closely 
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to rmo another, for the difference between the offsefai meafioied perpendicularly and thooo lileanired 
radially to the tangents becomes very small. 




644S. 




There is another example of laying out curves by the method of angles which is worthy of 
notice, though, in reality, a modification of the method mentioned above ; the eame principles and 
preliminary calculations are available, but the position of the points is determined by the inter^ 
section of two lines of direction given b^ two theodolites working at the same time, the intermediate 
chaining being dispensed with. The diagram. Fig. 6443, will serve to render this, clear. Let 6 P 81 
be the curve, and we will ttike a case in whioii, as often happens, the springings, though not visible 
to one another, can be seen from P, the middle point of tiie curve. Suppose it is required to put in 
the stake />, ; let one theodolite be set up at S, and the other at P ; oy the former let the angle 
I Spt be laid off, and the line of direction Sp, obtained. The line P p, is similarly obtained by the 
latter instrument, and the point of their intersection is the position of the stake p,. This method 
has the advantage of all others in being perfectly independent of the irregularities of the ground, but 
is very seldom used as it requires the services of two en^eers, and one is generuUy considered 
sufficient for the staking out of each allotted portion of a line of railway ; moreover, unless a skilful 
assistant were employed capable of comprehending the method, in lieu of an ordinary chain-man, too 
much time would be wasted in shifting about, before the point of intersection of tne lines of direc- 
tion of the two instruments could be determined. It Is clear, however, that in certuin cases where it 
was requirol to obtain the position of a stake which could not be chained to, in the oi-dinary manner, 
it might be well worth the time of the engineer to first range the line of direction by laying off the 
proper angle for that stake, and then shift his instrument to some otlier previously determined 
point in the curve, and lay off another lino of direction, their intersection g^^ii^S ^^>® required point. 
For instance, let it be necessary to put in the stake p, in the right-hand portion of Fig. 6443, which 
oomes on the bank of a river through a part of which the line goes ; suppose tiie instrument set up 
at P and the line of direction Ppg ranged, then removed to the point 6, and SiP, obtained, and 
the position of p, is determined. 

Most of the formulsB and calculations required for the different methods described are to be 

found in text-books on the subject ; but the following general formula for the method of angles will 

be found useful from its great simplicity and facility of calculation, hei a &= any length of arc, 

o X ^8*648 
r the radius of the curve, and the required angle for that length of arc ; then = « 

r 

B being the angle between the chord and tangent of the arc, and thus obtained in degrees and 

. 2865 

decimals. Putting a = 100 ft., ife have in round numbers B = — =■; . In order to apply 

radius of curve 

this formula to a practical example, the following proof is adduced ; — 

In Fig. 6444, let the arc A B C be portion of a railway curve which it is required to lay off by 

Bankine's method; that is, by means of the angle 

contained between its chord and tangent. Let A I = 

the tangent we use in this case, ana A G = chord of 

arc ; a = length of arc ABC. B = radius of curve, 

and B = angle required. We nave the following pro- •• 

portion ; tP : ASP :: a : -^ , w = ratio of circle to dia- 

meter = 3*1416, from which we obtain 

,= ?<!f =« X 28-648. 

This equation gives the value of in degrees and decunals for any length of too, thus being of 
service in the finding of the angle for what is known as the odd distances. 

Supposing 6 to be known, as it always is for the .whole curve, by transposing the equation we 

axR 




find the following value for the length of the arc ; a = 



28'64B' 



bearing in mind that in both the») 
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equatioDB a and 11 must be in the same terms. By meana of these two eqaationa we obtain very 

important data for laying out ourves by this method, without reqniring the nse of tables of 

logarithms or natural sines, very valuable, but, to say tiie leasts yery troublesome aids to oalouIatioQ 

in the field. If in the formula we put a = 1 cliain, and multiply the right-hand side of the 

1719 
equation by 60, we obtain fbr the following value in minutes and decimals; $ = -=r- . This 

will be found a very convenient and useful formula to use in the field, when text-books and tables 
of logarithms are not always at hand. 

I^tmg Out the Side Widths. — An ordinary method of setting out the side widths on the ground is 
by a tentative process of combined levelling and calculation, which is nothing better than a mere 
rule of thumb. A table should be made out from the cross-sections of the line, which are taken as 
often as the character of the ground requires, and the distances set out at right angles to the centre 
lines. When the land is level, the side widths are readily obtained by adding to the height of the 
cutting or embankment) multiplied by the ratio of the slopes, a constant, which depends on the 
width of the formation level and the description of fence put up. When the land is sloping tran»- 
versely to the direction of the line, the side widths must be taken from the cross-sections, and 
measured horizontally on each side of the centre. The side widUis are always laid off at every 
stake along the line, and where the ground is very rough, at intermediate distances also. 

Setting Out Culverts, — ^The length of a culvert which paines under an embankment is less than the 
distance oetween the bottom of the opposite side slopes, and may be thus found. Put L for the length 
of ihe culvert in feet, H for its hei^t in feet, H, for the height of the embankment, B for the breadth 
of the embankment at top, and R for the ratio of the slopes; then L = (B + 2RH|) — 2BH. 
When the natural surface of the ground is horizontal, the length of any structure passing under an 
embankment will lie half on each side of the centre line. When the natural surfaoe is inclined, 
the ends of the structure will be at different dis- 
tances from the centre line, according to the slopes 
of the ground. This is seen in Figs. 6445, 6446, 
the &8t of which represents the section, and the 
second the plan, of an embankment. The lines 
S 8 and O O, representing the ends of a culvert 
passing beneath the embankment, are seen to be 
at different distances from the centre line. The 
position of the points 6 and O may be found by 
first getting from the tables of side widths the 
points A and D, and measuring in from these 
points the distances A S and D O. depending upon 
the slopes A B and AD. In the case of the upper 
end, the distance of 8 S from A will be less than 
if the natural surfaoe was level ; at the lower end, 
the distance from D to O will be greater. Having 
found the distances of 8 8 and O O from the oentre 
line, we get the position and length of the wing 
walls of the culvert by drawing a line from 8 to 
any desired angle to intersect the slope A A ; and 
upon the lower side of the embankment we get, in 
the same manner, the lines O D, O D, the latter 
being, of course, longer than the wings upon the 
upper side A 8, A 8. 

Setting Out Bridge-wcrk, — In laying out the abutments for bridges, there are numerous cases to be 
considered ; as, whether the bridge is on the square or on the skew, upon a level or a gradient, upon 
a curve or a straight line, and whether the natural surfaoe is horizontal or inclined. The position 
and form of abutments and wing walls depend so much upon the various conditions affecting each 
particular case, that any attempt to lay down general rules for such work would be of little use. 

In a curving viaduct consisting of a series of arches which exert a thrust upon the masonry, the 
piers should be made radial to the centre line of the curve, and the springing lines should be made 
parallel to the axes of the arches. 

Calculation of Acreage, — ^The acreages to be calculated are always small, seldom exceeding a couple 
of acres, excepting in the case of considerable demolition of property. It will be found that the 
calculations can be made in feet as readily as if the divisions on uie scale represented links. But 
should it be preferred to calculate in links, the operation can be effected by having a corresponding 
scale made to measure with. Thus, if the plan is plotted to a scale of 200 it. to 1 in., a scale divided 
with 30*303 divisions to the inch will enable the measurements in links to be taken off. When all 
the measurements are made in feet, the advantages of the 100-ft. chain are so evident as to com- 
pletely outweigh any slight convenience which may result from having the plan plotted to links. 
The acreage is Usually taken out in statute measure, and is so marked on the plan and sometimes 
in plantation measure also. 

Setting Out Tunnels, — ^Tbe maintaining of a correct centre line for a tunnel is a very important 
operation, and one requiring the greatest care. The fixing of the line at the bottom of shafts 
demands every precaution, owing to the short distance between the only points that can be trans- 
ferred from the surface to the bottom. The centre line of the road is mrst run over the g^und to 
be tunnelled, fixing exactly the position of the shafts. To transfer this line from the surface to the 
bottom when the shafts are completed, let two nosts be sunk into the ground a few feet apart, one 
being on each side of the centre line, at a short aistance from the opening, so as to be unmsturbed 
by the progress of the work. Upon the opposite side of the shaft let two more posts be fixed in the 
spme manner. Place a stout cross-bar in a horizontal position upon each pair or posts, and upon the 
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Bide of each bar fasten a stiff piece of metal, which shall have a y-thapeA notch cnt in it The twc 
notches being so adjusted that the bottoms of the \/'b shall be exactly npon the centre line of the 
tunnel, pass a steel wire throagh them, and stretch it tight bj weights hong from the ends. Nex^ 
suspend within the shaft, as £ur apart along the line of the road as the opening will allow, two 
heavy plumbe, carefully turned, and attached to strong wires lung enough to reach to the bottom* 
the upper ends being so arranged that the plumb-liues may be moved into exact contact with tho 
horizontal wire stretched between the notches. 

At the bottom of the shaft place two stiff and well-seasoned bars of wood across the tunnel, nt a 
distance apart of 50 or 60 ft., and 3 or 4 ft. above the ground, adjusted at the ends into metal 
fixtures let into the side walls, so that the bars may be removed and accurately rephiccd at pleasuro. 

Let a metal slide with a V-shaped notch be attached to each of the bars, with a clamp tor fixing 
it to the same when in the proper position. Stretch a fine wire across these two lower notches, and 
move the slitles until they come correctly into the direction of the plumb-lines, and fasten them. 
The two lower notches will then be upon the centre line of the road, which may be produced in 
either direction by means of a transit and illuminated rods, such as mining engineers use. 

When Uie line has been fixed, the cross-bars mav be removed for safe keeping until again cequired. 
Anotlier method of adjusting the upper ends of the plumb-lines is shown in «^«» ' 

Fig. 6447, where A A is one of the cross-sills at the edge of the shaft, B B an 
iron plate fastened to the sill, and O a thin piece of metal may be moved side- 
ways, in order to bring a V notch in its upper edge into the centre line. The 
notch being correctly fixed, the plumb-line E may be passed through it, and 
the direction at the foot of the shaft obtained as before. The plumbs should 
be suspended in a vessel of water, in order to check the vibrations ; and every 
care should be taken to keep the wires from being iarred during the operation. 
When the tunnel is upon a curve the line may be laid off from a tangent 
established as abova Xevels may be transferred from the top to the bottom 
of the shaft by a series of wires, fastened together like a surveyor's chain, 
the links being 8 or 10 ft. long, the whole length having been correctly 
ascertained. 

Surveying and Levelling the Line. — The surveys and levels required for preparing the contract 
^ans for a line of railway, do not differ in any material point from those necessary for other purposes. 
The method of executing them is described in Surveying and Levelling. The peculiarity of the 
survey for a railway is with the length. If the survey be made after the staking out of the line, 
the surveyor has the advantage of possessing an accurately-measured base line, and his operations 
are confined to coimecting his triangles, which are seldom of anv magnitude, with this base line. A 
distance of about 400 ft on each side of the centre line will be fuund sufScient for the lateral extent 
of the Bturvey. Particular attention should be paid to all boundaries, both public and private, and 
to those points at which the railway crosses under or over a road, river, or another line. 

OUtingi and Embankments. — ^The earthworks of a railway compriae the cuttings ftcm which 
earth has been excavated, and the embankments which have been formed by raising material on 
the natural surface. So far as is possible the engineer endeavoura to place his cuttings and 
embankments so that the soil excavated from the one shall be used up, and t-huU be sufficient for 
the otlier ; in which case the labour expended on the earthworks is applied in redistributing the 
material along the line. If the volume of the embankment is in excess, it becomes nect ssary to 
seek materials in side cuttings, or, if the cuttings are in excess, to form spoil bonks, both of which 
being useless for purposes of the railway, involve a waste of labour, and sometimto of land. The 
cuttings and embankments must also, as far as possible, be so alternated that the earth from the 
former can be deposited in the latter without necessitating its transport to excessive distances. 
Tet again, in eflfeoting the distribution of the earth derived from the cuttings to the embankments, 
the engineer must endeayour to render the labour of transport a minimum, both by depositing the 
earth m>m the cutting on the nearest accessible portion of embankment, and by avoiding the 
crossing of the routes by which the earth is led to the bank. 

To secure the permanent stability of the supentructure, the earthworks must be carefully 
considered with reference to materials, form, and drainage. They should be of stable material, of 
liberal width, of easy slopes, and ample drainage. 

The width required ror a railway contiists of the width of gauge, the widths of the rail-heads, 
and the side spaces. For a double line of way, also the middle space, or 6 ft 

The width outside the rails, or width of side spaces, is usually 4 to 5 ft, and that of the middle 
space between two lines of way, 5 ft. 6 in. to 6 ft 6 in. 

Hence for the whole width necessary for a railway, we get ; — 



SoroLB Lara or Wat. 


DoiTBLB Tiiirs or Wat. 




Earopein Narrow- 
gange. 


Indian. 


Two widths of gauge . . 
Four mil-heads .. 
Middle space 
Two side spaces .. 

Width of ballast 


Enmpean Narrow- 
gauge 


Indian. 




From 


To 


From 


To 




Gauge 

TworaU-heads 
Two side spaces 


ft in. 
4 8i 
5 

7 H 


ft. Id. 
4 8i 
6 
9 10| 


ft. In. 
5 6 
5 
8 


ft. in. 
9 5 
10 
5 6 
7 8 


ft. in. 
9 5 
10 
6 6 

LO 3 


ft. in. 

11 
10 
6 
8 


Width of ballast 


12 3 


15 


13 11 




23 27 


25 10 
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In addltlan to the iridtfa DeesBary fen tnllaat, thsre la ordliuuril; left on each ride of the bollut 

k horizoutai bench, wLicb increases the total width required on earthwork! by 2 w 3 ft in enttillg^ 

and 4 or 5 ft. on embankments. In cuttingB, a further width 

is required for aide diaiiil, which may be 1 ft. or 18 in. wide ****" 

At bottom, with slope of 1 to 1. 

It is wlvisablo to form a small bench between the drain 
and tho tuoe uf the cuttiug, to oatth falling debris »nd pre- 
vent its clogEing the ditob. But, on tlie otiier band, if the 
cutting ia adeep one and it is desirable to eoonomize labour 
"'-- -f land, the width at formation level may bo 



1 bv building a dwarf waU aa in Dig. SHI), wbict 
a the btOlast on one side and the toe of the dope oi 



supports tl 
the otber. 

Cnis-aectiim of Iht Line. — Composed as earthworks gene- 
rally an>, of comparatively impermeable materiols, thbir 
Borface ii alt<^ether unsuitabte lor the direct support of the 
permanent wuy. To bed the sleepers properly Ihurs must be 
provided a material of great frictional stability, of coDtidei- 
able bardneea and oompreasivs strength, easily permeable by 
water, and capable of reaistinR disintagrallon, either by water 
OT fh»t. For this purpose a layer of bnAen sloDc^ or gravel, 

is moHt suitable, or, if nothing bttter is obtainable, a layer of ele«D sand or burnt brick olay. ^Rie Ibnn 
giren to this layer of ballast varies iu difierent circumstanope. Generally, in England and Fianoe^ 
it ie Bimply laid on the suifitoe of the earthworks, which have been dressed to a eonvex surface to 
tbtvw off the water, and a bench is left on each side, Pig. MiS. Bometimet, m German line^ the 
ballast covers the entire width of embankments at formation level, Fig. 6450. Mora generally, on 
Swiss Bud German lines, the bullast is coonomised by being laid iu a trenoh, Pig. 6451. Aa ballast 
is oftf □ an expensive item in the coat ot oonstmotion ol a line, the econocay iu this respect ia 
importiiiit. This lost method of laying the line also permits some reduction of tbe tolal width of the 
line at formation level. But, on the otber hand, the croaa-drsina leqnire to be namerons. say about 
tl to 12 It. apiirt, and it ia doubtfid wbetber even in that CMe tbe Iramago is quite as effeotual as on 
the Rngliah system. 

no. 




TliB ballast ie Iwd in two layers ; tho Inwcr loyer, on which the stability of tho supc 
depends, should have a thickness of 9 to 12 in. for broken stone or gravel, if on a tolerably 
pormeobl subrtratuni, ond of 12 to 18 in. if the snbstmtum is humid. If the ballast is aand, 
a depth of IM iu. to 24 in. wUl be nquircd for the lower lavor. Tho upper layer of the balUst, or 
boxing, used fur paddng round the sleepora should have a thioknesa of 6 to 9 ia., and its quality is 
not ofquite so great importance aa that of the lower layer. 

lie urrae-seotioQ in Fig. 6451 is used in Buesia with sand ballast, and in Switzerland with 
broken atone ballast. The quantity of ballast required, after deducting space occupied by sleepers, 
is about 66 cub. ft. a yard for thr croaa-acction. Fig. 6449, and 41 cub. ft. a jard for that shown in 
Fig. 6431. 

The older method of proeecuting cultinga was to work forwards on tho whole feco of the cutting, 
whioh was profiled to the required slopes aa it proceeded. This method ia, however, too slow for 
axtonsivii ruilwoy cuttings, and tho plan generally adopted ia to run a gullet, or vertical-aided 
trench, Ihnmgli tbe cutting by working at tliu face, and then to work aidewaya from the gullet, 
widening llio trench in buoocssivb bouohea. Tho benohea are about 8 ft. apart vertically. 

Embankments are executed in two ways, either by apreading over the whole area of the 
ombankmont successive horizontal layen, or by raising the embankment at once to tbe required 
height at one end, and carrying it forwards by tipping material over the advancing extremity. 
When ronstructwl in thin hotizootal layers tho jnatorial ia consolidated as the work proceeda- 
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, Qiio affntcim. A mncih more ocanplete 
1 by the othei method, and hsnoe, this mode mooa- 
•trnatioa ii invariably adopted for reaerroir embaokmeota. This method, hoireTer, is too alow 
aud too costly to be generally used on railways, except for filling ia behind letsiniug valla and 
abutments. 

Wben on embankment is carried forward from one end, the earth may be tipped directly ovce 
the end «o aa to bll in a seriee of tliin layera oU inclined at the angle of lepoee ; or a bridgo of 
disoharge may be formed at the end of the embankment &om which the earth wagooa depoeit the 
Boil, and which is oarried forward from time to time oa the snoceBsive layera reaoh the h^ht of the 
embankment. By this tatlar method greater aolidity in the bank is eecund, and the nltlmate sottle- 
ment Is len. But it is only econonucally applicable to veir large embankment^ and la less often 
used than the simpler method. Oocasion^y embankments UBTe beeo raieed to only half their foil 
height at first, und when this portion has settled, a second portion hBS been carried fonrarda over 
the first, oompletiag the bank. 

On aidelong ground, the seat of an embankment requires to be carefully out tn atepi, or 
benohea, that the loil of the bank may be bonded into tbat on which it rests, and lint water may 
Dot percolate between the old surface and the earthwork raised on it. Fig. 61S2. The deBtrnotion of 



During the oonstmctiou of the bank the settlement shoald be carefully atndied, and In order to 
prevent the eeriong eril of having to patch the slopes, the height and width of the bank ihonld be 
made rather greater than will ultimately be required, ao that the anrfooea may be tfimmed down tc 



their pmper dimensions, after a great pert of the spltleiaent has already been acoompliihed. The 
amoant of sottloment varies in difietent cases, from ^ to 4 of the total height The ultimate 
settlement of cmbankmonls of gravel or chalk dues not require mora than two or three years, but 



clay embankments may, in some coses, eoutinuo to shrink for ten years. 

It has alroadv been pointed out tbat when the seat of a bai^ la oompregtlbl& or of feeble 
stability, the bank constructed upon it will not stand at its natural angle of slope, hawaver good 
the materials of which it is oomposed. When au engineer has to carry an embankment over marshy 
ground his first object must be to oonsolidate the foundation of bis bank, as moch as posdhle, (7 
drainage. For that purpose large open drains, parallel to the axis of th« line, may be first eicft- 
vated. Sometimes ho may be able to remove the oompresaible foundation and replace it by bettw 
materials. At others, he may consolidate it by fsscinea, or by piUt. Sometimes he ntay use for his 
embankment very light materiBlB,na, for Instance, was done atChatUosa,where,iJter first covering 
the yielding sorface with hurdles, the hank was formed of dry peat Again, large open pita may by 
formed and filled with oompeot olay. 

Fig. 6453 allows one of many embankments on marshy gronnd 00 the 8 IL 6 in. gange ntilwmy* 



of Norway. lu this ease the subsoil has first been dried bv large side drains: then on the seat of 
the bank fir-tree trunks have been spread lengthwise and aroaswise, and over them the ■mailer 
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brajichos of the flr txece. Fmall j, the embankment has been carried fbrwwd urer the ocuuolidatiid 
foimilBtioii thus pTspared. 

KetuimportantiTorkBof conBtmction thesarthwoikBhaiildbe made with great core, and of the 
best and moat permeable materials. The backs of orchM ahuuld be well poniwd with eallh, before 
earth is tipped over them. 

Wlien a cutting exoeeda 40 ft. in depth, it ia adTisable to form a bench 6 fL in width at about 
two-thirda the height. This receiTes the surface water from the higher laods, which majr be oon- 
yeyOl lo the side disins at the bottom of the slopes bj earthen pipes, wiyideit trunks, or stone diain^ 
B^. 645il. 

To permit the flow of snriiue water the fimnatian level should be dressed in slopes of 1 in 35, 
(torn tlie oeutre line towards the sides. If this is not ilone the top of the bank is ajit to beooiiie 
ooncave, aod to retain the rainfall io the ballast. 

Fig. t>452 shows an emhanknient on sidelong gioiud, constnict<d of earth, of doobtfol stabilitj, 
the toe of whioh is formed of loose brokeiD ttone as a seotuity a^nst slippine. 

Outtings are sometimea 100 ft deep, and embanbDieati rise oocastoaullf to an almost equal 
devation, Tlie Tring culting of the London and Biimingbam Bailwa; aveiagee 10. and is at ports 
60 ft. deep. 1'be New Cross outtiug of the 8onth-Eai>tini Kallway is, at parts, 76 and 80 ft Mep ; 
the Wynohborough ontting on the Edinbnt^ and Glaugow, though solid rock, varies from 25 to 
eoftindepth-andis* mUes in length. It is auooeeded by an emhanknieDt 1) mile long and 80 ft 
high. The OUve Honnt catting of the Liverpool and Haucheeter Hallway is 2 miles long and at 
parts 100 ft. deep; and on the Newcastle and OejMe there is a ontting 110 ft in depth i bat whm 
the depth exceeds 60 it it is generally more economical to tonneL 

Dninage of Catb'ngt. — In all oases it is deal- 

rable to establish at the top of the slope of a 
cntting, on the aide towards which tbe snrfaoe 
waters flow, a drain with va alternate rise and 
fall of about 1 in 100, commnnicating at its 
lowest points, by means of open dialng, or earthen 
pipee, with the qde drains at the bottcon of the 
cutting, Fig. 64M ; and cote must be taken to 
prevent, by pnddliug or otherwise, the infiltra- 
tion of the water from the diain at the fa^ of / 
tlie slope, into the soil tbnnli^ the ade of the 
cutting. 

Figs. eiSR, 6156, show soother method of 




eUbcb'ag tbe proteotion of the sTopes fVom the flow of snTfaoe 
watM. A water-oourse is formed at (he top of the slopes, and 
from this open drains, formed of planks bedded in hydreDlic 
mortar, oonaiuit the surface waters to the side drains at the foot 
of the slopes. The wooden trunks are simply nailed together 
in 6-ft length!, and the bed of mortal Is abont 3 in. thick. Tbe 
ditch at the bottom of the alcpe is ronghly pitched with drj 

When a ontting Is opmed through olay or other soil liable to beoorne slippery when wet, It ia 




stability. For this purpose they must be covered with a coating more permeable and more stable 
than tbemaalvcB. and Btiitable for v^elatiou. This coating may be 10 or 12 in. thick, and in order 
that it may be boniled into the slopes, the; should lie cut in Mnobes of abont 6 in. deep, with an 
inclination limgitudiualty of about i in 7. Tbe coating should be spread in layers and well 
raramod. Figa. 6457, 6458. 

The foot of tbe slope wetted by the wntora of the side drains should, in this case, be proteoted by 
dry atone pitching, or with a brick drain. Fig, 6459. 

T)io worst casee with which the engineer has to deal are those in which the cntting intersects 
strnti alleroHtely pcrmcabto and impermeable ; where, for inatnnce, a permeable layer is found 
between strata of clay ; and the danger in this case is increased if on either side Uie strata dip 
towards the cutting. In snch a case there ma; be at times a conaidersble flow of water from the 
permeable atratum, which if not drained off may destroy the stability of the mass. Or there may be 
land springs at Tarions points, which if undetected when the cntting la in conwe of oonalraction, 

a permanent but hidden sooroe 
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lei^dbleoi 



the soil at w 

icadily to d< ._. . t-—o — j — — 

■tratmn. it ma; be aoncladed that Bimilu spriaga may. in wet miaaooM, be tbnnd vhereTer tb>t 
■tnitiua u roond. In tbc«e caaes tbe object to be attsiDed la to diain off aa mpidlj aa poiaiUe tiie 
waten at tbe penneable sttatum, and prsTent tbeii fiowing over the aorfaoe i^ uie dopes or flltertng 
into tbe less permeable and mare xlipperT etrata. When aoch a atntiun baa been diacorered a 
longitndiaal draiu miut be Tormed, Fig. 64a8, along its line of onteiop, with rin and fall aJternatel; 
of 1 in 100. The bottom of tho drain ma; be formed of brioka oi atone« aet la oement, the dntin 
ma; tben be fillod vitb brolien Btono or citan ^vel, and ooverad iritli MTened tnr^ flaga, or tllea, 
to prevent tbe penetration of soil. A foot In width at the bottom of the drain will generally sofflo^ 
tiiendeerijdnKwith a batWof 1 in 7. The low points of this longitadinal drain mnst be conneoted 
b; tranarerse dnins, Fig. 6459, with the aide drains at the foot of tbe alopea. Tbe slope ma; then 
be protected b; a coaliog of permeable soil, as alresd; deaoribod. Sometimes It ia deainible to diala 
tbewholesurfaoeora slipper; slope with nnall draio-plpcB carried horizontallv at distanoee of about 
15 ft. apart, with alternate rise and fall, and oonneoted at thtir low points with pipes nimdng down 
the slope to the side drains. 

The dnuQ-pipea should be buried to a moderate depth, and the open outtlnga in which the; are 
laid ma; be filled with broken stone nod covered with earth. 

DrviHogt 0/ Emhanhmntt. — To secure the permanent itabilit; of embankments similar pre- 
cautions must be taken to prevent tbe percotalion of water, as in the case of cuttings. At tbe foot of 
the slope on the higLer sjdu towards which flie surface waters flow, a water-course or drain should 
be oonstmcted, to aiuvey the water awa; From tbe srat of the bank, Fikb. 6460, G46I. In the con- 
structiaa of embankiuents the engineer will tujoct, if DccossEiry, soil oi bad qualit; obtained from 
cuttings, and suppl; its place b; more stable material obtained b; eide cutting. Sometimps. in 
spile of precautions, the embankirients slip during or after constmction. Such iilipe ma; arise either 
m>m tbe deflcient alabilit; of tbe fonndation on which' the embankment Is placed, or from the use 
of defective muUvial in tbe constmotioo of tbe bank, or from the flow of wat4r over the toiiu. The 
precftations to be taken oo matsb; unstable ground have alread; been mentioned. If, in spite of 
precBUtioud, an ombaukment slips daring cooatruction, the whole of tbe slipped earth most bo 
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Taoaied, ani tbe bank t^la filled up vltb the nme or better niAtorhli, euefbll; nmmed in 

horixoDtal iBjen. 



Fig:. 6462 Is a Motion of part of t1i9 . ■.« 

emljanknieDt of PoortierGa tepAirad 
after a alip. Tlie nuteriala of the slip 
were flrat removed and then relaid m 
horizontal layera. Bat in doine BO 
drains were formed of fosdne* tUled 
with gravel, to di7 the mftterialji of tlie 
twak. Blmilar drains were formed in 
the part of the bank nhioh had not 
given way, to prevent a repetition rf 
Uie disaster. At the embankment of 

Monjerf it was found necessary to oonstmot a longitodlnal filter, or drain, of broken stone, snr- 
immded bj matting, to prevent the penetration of earth. In some parts of the embcnlnDeDt two 
of theee drains were formed, oommnnicating with each other. The slipped part of the bank was 
attaohed by mooeaaive cuttings, carried at right angles to the line as fur as the poattion of the 
original foot of the slope ; then a trench was opened parallel to the line of wa^. in which dntin-plpea 
were placed, oorered bj a filter of broken stotiL', enoloaed In matting. Finally, there was eon- 
■tmcted at the (bat of the slope a cavalier of good soil, built np in horizontal layers, well rammed. 
Fig. Sitil. When it is impoeeible to remove the slipped portion of a bank which has given way, 
a new bank mnst be formed over the slipped portion of sand or gtavel, and especial care must be 
taken that its drainage is complete, and maintained in working order, If the drains should be 
injured by aubaeqnant settlement, new drains ahonid be at onoe formed. 

If embankments are liable to be washed by innndation waters or otherwise, it will be of the 
ntmost Importance to construct them of mBtertala the stability of which is little changed by 
linmidity. Further, they should be carefully turft-d, and for some distance above and btlow the 
level whieh the waters are likely to attain they should be protected from erosinn by a pitching of 
atone, tjanally the best protection from atmospheric degradation of the slopes of cuttings and 
embankments, la afforded by covering them with a layer of vegetable oarth. to a depth of 6 or 8 in.. 
and sowing uiein with grass, clover, or lucerne. When the slope is wanting in stability, conch- 
graas tus wmetintes been employed, the adrantage being that its roots penetrate to a depth of 
2 or S ft. On friable smls of chalk or sand, and eepeciiUly on steep declivities, neither the Howing 
of herbaeeooB plants nor turfing sncoeeds, becanee of the Bnrface. Then recourse must be had to 
the sowing or planting out of ligneous plants, the roots of which penetrate more deeply, such plants 
l>eing chosen as are fuund to thrive on moimtains. Of these, those principally employed on tlie 
Oonlinent are the juniper, berlten^, sea buckthoru, saintfoin and lucerne, acacia, ash, willow, birch, 
and maple. The oonifera are prejudicial, from the blowing of their leaves upon the rails, causing 
slipping of the wheels of the locomotives. 

Calcvlatiag Conimtt of Cvttiagt and Emhankmenii.—VjiAei the article Embankments will be found 
several methods foi effbcting these calculations. There are numerous tables for facilitating them, by 
Bidder, Mooneil, Bashforth, Barlow, and other eueineers. Putting H and H, for the two heights 
of the cutting, E for tiie ratio of the slopes, and L for the length, we have by the prismmdal 
formula for G the contents in onbio feet, C = L Pt^ + H') + ^ (fli + h,' + H H,)J . As 
is usually required in cubic yards, and L in feet, we have 

0=-f-^?^ + t<H-H-H,..HH,,}. 

There are two approximate metliods of ascertaining the contents of a prismoidal block. The 
fltit is the method of mean heights, by taking it as if the section in the middle were the average 
seetioo; and the second, or method of mean areas, by taking half the sum of the end areas to lie ^a 
average seotioo. The errors belonging to each of these methods are seen at once, by comparing the 
content as glTeD by it with the true quantity. . The method of mean heighta gives a content of 

L |b ^\^ + { ^ — }' b}, and an error of (- ^Mj^lE^l. The method of meoa areosgive. 
a «,ntent of L {b ^^' + <51+^> bJ and an error of (+ ^ " °'^' ) L. So tl 
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There is another way of expressing the tme content, it is ; — ^to the stun of the end areas add fonr 
times the middle area, and multiply the sum by one-sixth of the lengths In cuttings it will con- 
stantly occur that th^ contents are not all rock or all clay, but will be partly rock and partly clay. 
In this case the rock can be taken out as above, and the clay taken out in blocks the same way as 
before, with this exception, that each block will have a different base. The base of each block of 
clay cutting must be taken as a mean of the bases at each end, or, what is the same thing, a mean 
of the widths of the top of the rock cutting at those points. This method of getting the quantity 
of the clay is not strictly accurate ; the true content of a block of this kind is given by this formula* 
Q = t ^ B (2 H + H-) + B;_(2Er+.H) + |(h-« + H H")) , where B U the bwe of the day «t 
the end at which H is the height, and B' the base, and H' the height at the other. 

The error introduced by the approximative method is + ^^ — — — ^ — ^ — - L. It is to be 

remarked that this error is to some extent compeuBating, sometimes being in excees and sometimes 
the other way. The approximative method gives too much, if at the same time B > B' and 
H > H', and too little if B > B' and H < H'. 

Gases will occur when none of the rules above given apply, namely, when the gronnd is so 
uneven as to require cross-Bectiona The best thing to be done in this case is to take the mean of 
the two areas <» the two croas-sections and multiply it by the lengtn between them, and reduce 
to yards. 

In those instances in which heavy cuttmgs occur without any corresponding embankments in 
which to dispose of the material, it will be found economical to emplov dwarf walls. There will be 
a particular neight of cutting at which the cost of the walU is equivalent to tlie cost of the excava- 
tion avoided, which may be Uius found. Let H be the height of the cutting, B the base of the cut- 
ting, R the ratio of the slopes. Hi the height of Uie walls, B, the width between the walls, P the 
price a cube yard of excavation, and P, the price a yard run of the dwarf wall. Then we have 

(H - HO 2 B Hi+ R H,a + H (B-B,) = '-^ ; from which we deduce H =r p*° RH ^B-k) ' 

When the height of tlie excavation exceeds H, it is more economical to introduce dwarf walla. 
These are usu^lv buUt plumb on the bock and face. When they are about a certain height, they 
are battered on the face, and then become retaining walls in the strict sense of the term. On tiie 
above calculation the walls are supposed to be perpendicular on the fieice, and ii they should be 
battered, tiie difference witli ruepect to the excavation is too trifling to deserve notice. Whenever 
the material of the cutting is clay, and has to be run to spoil, the walls should always be substituted 
so soon as the limiting height of excavation is reached. 

Bormgsj and Soiling Slopes. — At certain distances alone the line borings should always be made 
to ascertain what amount of rock may be fairly expected, and the section should show a line or 
demarcation between the earth and the rock. Borings require to be made veiy carefully, as the 
ground is exceedingly deceptive, and any subsequent rectification is a firuitful source of dispute 
between companies and contractors. 

It frequently happens during the progress of the works of a line of railway in which the cuttuags 
and embankmentd are of considerable magnitude, that due precaution is not taken to reserve in 
their vicinity a sufficient amount of material for soiling or top-dressing the slopes, and the conse- 
quence is, that either they are not covered with the proper quantity, or the contractor is obliged to 
bring the soil from some dibtance along the line, or ^^^ 

procure it elsewhere at more than the ordinary expense. n 

The quantity requisite for the different cuttings and ^^V 

embankments depends principally on the depths and ^^ J x. 

heights, and varies also as the ground is more or less ^^ \ n. 

sidelong. The simplest case whioh can occur is when >^ M ^s. 

the height is constant for a given length of the lougi- ^y^ \ x^ 

tudinal section of the line, and when the cross-sections 
also for that distanoe are level. This is shown in Fig. 
6103, which represents one of the slopes of either a 
cutting or emuinkment, the other being supposed to h 
be precisely similar. As the soil is always of a uni- 
form depth, its quantity is taken out in superficial 
yards. In Fig. 6463 let A B or OD = L = the length 
on the longitudinal section, let A = the height consUmt ^ 

for the length L, and let 8 be the number of superficial yards of soil required for both slopes, 

all otlier dimensions being in feet ; then 8 = 5 • but, from the figure, area of 

2 A G X Ii 
ABCD = AGx L, and 8 = . AC is the length of the slope, and is unknown, but 

supposing 6 to be oonsttmt, as it always is in practice, AG depends on A. Now by construction 
A 0* = A* + 6*, and substituting for 6 its value R x z^, R being ratio of slope, 

AG« = A«-|-R«A« = A*(l + R«)andAG = AVO + R*). 

Putting this value of A in the equation for 8, we obtain 8 = — ^^ — ^ . B is almost 

a/13 

univenaUy = | and a/(1 -|- R*) = "o" » ^^'®^* 8^^^ ^^ ^J substitution in the above equation 



^ 
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S = ^^ ^^ x-^'^. Multiplying out and redncing we obtain 8 s A X L x 0*4, which in a 

general formula applicable to any height and distance. If we make L = 1 chain = 100 ft, the 
formula becomes very simple, for 8 = 40A; if L = the statute chain = 66 ft., 8 = 26-4 A. 

Another case which is more frequently met with, and 
the solution of which is of greater practical utility, is um. ^ 

when the heights at the two ends of tne given lengu of _--^ 

the longitudinal section are unequal, as is represented in ^-^"^ : \. 

Fig. 6464; A and A' are the two heights, and the re- ^^^^^.-^-^^^^ Iq ^Sr 

mainder of the notation is the same as that employed ^' 

above. 

. , ^ „ 2 area ofABCD #AT>r«-n 

As before 8 = r ; area of ABCD-= 

L X /" ^ Q + P P Y From above A C = A ^(1 + B«). 
\ 2 / 

and by similar reasoning B D = A' V (1 + B«) ; therefore 

areaof ABOD = |x I A ^^1 + B«) + A' ./(HI B*) } , ^^ ^ 

which gives us 8 = ^ { (A + A*) V(l + B«) } . 8ub8tituting for the expression V"(r+"B») its 

equivalent -^^ and reduoing, we obtain finally 8 = L(A + A*) X 0*2; if L = 100 ft., then 

8 = (A + A*) X 20; if L = 66 ft., then 8 = (A + A*) 18-2. 

It is evident that by making A = A', the first three equations became identical with the last 
three, but a separate proof and demonstration is given, not only to preserve uniformity in the 
diflbrent examples under investigation, but because it may serve to render the subject clearer 
to many persons, especially those perusing it for the first time. These equations will be found 
particularly useM to those engaged in making the estimates for contract work of a line of railway, 
as the g^uud may generally be considered leVel between any two ordinates on the longitudinal 
section, which are at the distance of one chain from one another ; unless it is exoeedingfy rough 
and irregular, and even then any deficiency or excess in so Inexpensive an item as trimmmg imd 
soiling slopes is not of much consequence. 

AU the foregoing formulie have been calculated on the supposition that the cross-sections of the 
ground are levd, or, in other words, that the quantity of soil required fur one slope is the same as 
that which is required for the other. 

It is manifest that, in sidelong ground, this would not be the case, and in some instances, where 
the difference of the heights on the two sides is great, it might be necessary to allow for it in taking 
out the quanti^. This might be accomplished in two ways, either by applying any of the above 
equations, which suit the particular case in question, to each respective side of the cutting or 
embankment, and dividing the result by 2 ; or dv makhig use of the following foimula. Let H, H', 
A, A' be the four different heights, then from Fig. 6464 and the equations the number of super- 
ficial yards of one slope = L (A + A') x 0*1, and of the other = L (U + H')0*1, and total number 
8 = L(H 4- H' + A 4- A')0'1, which can be simplified in a corresponding manner for the different 
values of L = 100 or 66 ft. 

In any instance in which the sidelong ground continued to slope uniformly in the same direction 
acrose the line for a considerable distance, it might be found quite as advantageous, if not more so, 
to take out each side of the line separately, and to employ the former instead of the latter method. 

In the preliminary estimates of a line of railway for parliamentary piurposes, trinmung and soiling 
slopes is so insigaificant an item that it is hardly ever taken into account; but in a case where the 
cuttings and embankments were excessive both in number and magnitude, and where a close and 
vigorous opposition would render an equally close and accurate estimate requisite, it would be 
prudent to ascertain its amount either by direct calculation, or allow a sum for it, suggested by 
experience. In such calculations, it would be convenient to take out a whole suttiuff or embank- 
ment at one operation ; and quite sufficiently accurate to consider the cross-sections of the ground 
level, and consequently the area of the two slopes equal to one another. 

Ilie following formula is general for any length L and number of heights A, Ai A, A, . . . A«, 
which for simplicity's sake may be taken at equal distances ; let x = number of heights taken, then 

8 = r(A + 2Ai + 2A, + 2A, -h . . . +A,)0-2. If L be taken an even number of hundred 

X — 1 

feet, as it may be in such exa'mples, and let N = number of 100-ft. lengths, and allowing one peony 
a superficial yard, we obtain, by putting M for the amount in pounds, 

M = j2^^^(A + 2A» + 2A,+ 2A,+ . . . -I-A,). 

It will be at once seen, that when the length admits of it, this substitution can be applied to all 
the other formulsd, and the price tlierefore obtained at once from the values of the lengths and 
heights or depths. 

Masonry^ Bnchcorky and frontcork, — In those lines in which timber is not employed as a construc- 
tive material, the permanent structures are built of one of the three enumerated, or of a combination 
of them. Where stone ca» be procured in the neighbourhood of a good quality, suitable for the 
purpose, its use is only limited oy the considerations of time, and the poesioility of employing the 
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ftrch form inBtead of the horizontal in bridges and viaducts. Having onoe determined the description 
of material to be used in the building of the permanent works on the line, the next step is to consider 
the structures themselrea. 

Bridges, — Every information on these structures will be found in article Bridges, and we shall 
iherefore confine ourselves to noticing a few points in them most intimately connected with our 
subject Bridges are divided into two principal claases — ^bridges on the square, and bridges on the 
skew. See Obliqub Aboh. Bridges on the skew are rarely ouilt now of masonry or brickwork. 
The time consumed in cutting the stones to the proper twist and other considerations have virtually 
put an end to the construction of stone skew bridges, even when the material is at hand. Skew 
bridges are sometimes built with stone abutments and the arch turned in brick; when neatly done 
the structure looks very well. Unless the span is of very considerable dimensions the building of a 
bridge on the square is a very simple matter, provided ue foimdations are good and proper super- 
vision exercised over the materials and workmanship. The consideration of headway generally 
leads to the adoption of iron bridges, even where stone is plentifuL In the case of over-bridges the 
xeduction of the heights mav be of great importance as reducing the quantity of the embuikment, or 
shortening the len^h of the approach. In under-bridges it mav be of still greater importance, 
allowing a reduction in the height of an embankment, which should perhaps have to oe mado 
from side cutting. Iron bridges may also be adopted for another reason, on account of any 
insecurity in the foundations that would render some slight settlement in the abutments probable. 
An arch might be seriously damaged by a settlement that would in no way a£fect an iron supers 
structure. >, 

In designing a bridge aU the parts of the drawing must be carried on together ; neither plan nor 
elevation can he finish^ by themselves without having the sections drawn, or as vividly impressed 
cm the mind as if they were drawn. 

The footings in over-bridges should be at least 1 ft. below formation level, to enable the water- 
tables or side drains of the railway to be carried continuously through the bridge. The projection 
of a footing depends on the material employed ; every fh>nt stone in a footing course should be at 
least as much imbedded in the work as it is exposed, else the footings lose their value, which is to 
spread the pressure ; hence the projection mentioned above may be increased, or mmit be diminished, 
according to circumstances. If a greater width of foundation is thought necessary, it must be 
gained by increasing the number of the footings, and not their width. 

The height of abutment, span, and rise of arch are known quantities. The radius of the circle 

r* 4- a* 
of which the arch is a segment is given by the equation B = — - — , where B = radius, r the 

rise, and s the semi-span of the arch. In segmental arches of moderate span, the extrados la 
struck from the same centre as the intrados. The thicknesses of the arch and of the abutments 
are subjects of theoretical investigations, but practically depend on previous examples. It is 
possible to determine the width of an abutment that will just keep the arch in equilibrium, but 
this has to be modified by a coefficient of safety^ in itself very variable, so that the value of the 
theoretical rule is practically lost. The haunchmg is usually carried up at the back in a plumb- 
line with the abutment, terminating at a point 1 u. or more, below the soffit of the crown of the 
arch, and raked from that in a line tangent to the extrados, to allow wat^ to run freely off. Steps 
are sometimes introduced to lighten the haunching. 

The counterforts are built at the back of the abutments, and are usually plumb at the back. 
Sometimes they are raked off in a line with the haunching, and sometimes are stopped lower down. 
Their object is to help the abutment to withstand the thrast of the arch. There is no use in founding 
counterforts as low as the abutments when the bridge is in cutting, they ehould go down to a good 
foundation for themselves. They may or may not have footings. The puddle is usually shown 
6 in. deep, and should extend over the counterforts* Asphute is often used instead of day 
puddle. 

Iron bridees are either of cast or of wrought iron, the former being now confined to the cases ot 
carrying roaos over railways, where it is an object to save the height of the approaches, or for other 
reasons. 

Wrouffhi-iron bridges to carry the railway over roads are of two kinds, one where the railway is 
supported by under-girders, one under ettch rail, or by side and cross girders. The latter, if for 
double line, are of two kinds, firstly, with two side girders, with at l^ist 25 ft. 6 in. clear space 
between them and carrying both roads, or a set of three girders, with a single road between 
each pair. 

Tnese girders, in ordinary cases, are either lattice or plate girders, and may be in each case 
either single or box girders. The names explain their nature. For rules for finding he strength 
of each diffbrent part of a lattice or plate girder, see article Materials nf Construction, Strength of. 

On the plan of every bridge should be shown at least tliree views, one of the superstructure 
complete, one of the bridge, or part of it. with the parapets, string-course, coping of wings, and 
newel-caps removed, and a third of the roundutions. In designing iron bridges the various parts 
should as much as possible be duplicates of each other, so as to diminish to a minimum the number 
of templets required. It must be kept in view that ull structures consist of two items, materials and 
workmanship, and it is quite possible to make the latter w> expensive as to double the oobt. All 
bending, cranking, forging, and welding of iron should be avoided, especially when the pieces are 
of large dimensions. It adds little or nothing to the contract price to bend n piece of angle iron 
4 or 5 ft. in length, but when that length is increased to 15 or 1$ ft. the contractor will at once 
require an eitra price for workmanship. As an example may be quoted the Ciisn of an ordinary 
lattice bridge, in which the flimges are horizontal and all the bars in the web of the Eame length, 
and a bowstring girder in which the upper fiange is bent, and all the bars in the web of a different 
dze. The difference in the contract price of these two examples of bridge girders wUl reach to 80s. 
more a ton. It is not to be argued from this that bowstring girders are not to be used, but that they 
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are io be lued only when the ciroumBtanoes of the oaae juatifV the additional ezpenditare. In laige 
spans the bowstring girder is an economical type of railway bridge. 

2\innetting, — The greatest intensity of pressure in a buried archway oooors usually in its sides^ 
at the ends of the shorter diameter of the oval intrados ; and that intensity is given approximately 
by the following equation. 

Let Vi be the depth of the shorter diameter below the surface of the ground, b* the half-span of 
the archway, a' its nse, i the thickness of its side, to the weight of a cubic foot of the earth ; then 

to i X. (6' + — 0'8 a' b' \ 
the greatest pressure, in lbs. on the square foot, is g = — - — ^-^^ j- ; and this should 

not exceed the resistance of the material to crushing, divided by a proper factor of safety. 

It appears Uiat in the brickwork of various existing tunnels the factor of safety is as low aa 
four. This is su£Scient because of the steadiness of the load, but in buried aiohways exposed to shocks, 
like those of culverts under high embankments, the factor of safety should oe greater, say from 
eight to ten. 

How small soever the load may be, there is a certain minimum thickness for an underground 
archway, for determining which the following empirical rule, exactly similar to that for finding the 
depth of the keystone of an ardi, has been deduced fh>m practical examples. The rise and half- 
span being denoted as before by a' and 6', compute approximately the longest radius of curvature 

of the intrados by the fonnula r = -rr * then least thickness t in feet = a/ 0*12 r. 

This is applicable where the ground is of the finest and safest kind. In soft and slippy mate- 
riaU th e thiota ieaa ranges from one and a half to double that given by the equation ; that is to say, 

from V0*27 r to V0'48r. The thickness of an underground arch at the crown may be made less 
than at the sides in the ratio 6' a' ; but the more common practice is to make it uniform. 

Tunnels are driven through hills and spurs of mountains to avoid yerj deep cutting. At the best 
they are sources of large expenditure, and should, if possible, be avoiaed. When tunnels are cut 
through rook of a solid and durable cdiaracter the roof supports itself; but when in loose or easily 
decomposed rook, or in earth, an artificial arched lining becomes necessary. Such lining is generally 
made of brick, espeoially the arched part, on acoount of the greater ease of handling and laying 
brick than stone m so confined a situation. Among the difficulties attendant upon the construction 
of tunnels are the want of light, air, and drainage. As tunnels generally occur upmi summits, or 
on the approach to them, the latter reouirement may be met by the introduction of a light gradient 
The lower end upon the gradient will drain itself; the uj^r end will require pump; an occasional 
well being sunk as low as the contemplated road-bed, or a little lower, to collect the water. Short 
tunnels may be built bv working from the ends onljr : but as a very limited number of hands can 
be emplovcld on so small a working face as the headmg afibrds, when the length becomes consider- 
able, snafts are sunk from the smrfaoe to formation, and from the bottom of these, headings are 
run in both direeticms. This operation involves a large expenditure, as all draining, ventilating^ 
and removal of materials must be effected through the shaft. 

In cutting a tunnel in rock, a small heading, 6 or 8 ft. square, is first taken out by one gang of 
men, whfie a larger gang follows in the rear, enlarging the work to the full size, and puttmg in the 
masonry where suc^ is required. The rapidity with which the small opening can be worked is 
the measure of the progress of the whole ; as the enlarging and lining allows the employment of 
more hands than the limited dimensions of the heading ean accommodate. After a timnel has been 
driven about 500 ft artificial ventilution becomes necessary. This is accomplished by the ordinary 
mining expedients, drawing off the bad air by the draught of a chimney with a fire at the bottom, 
or forcing fresh air in. If the shaft is made in the bottom of a depression, in order to reduce ita 
length, it may be necessary to provide for the surface drainage in such a locality ; regard should 
be paid, in laying out tlie work, to this requirement The general practice in England has been to 
multiply the number of shafts; and in some 
cases, tunnels have been cut entirely through 
fsom. the shaft headings, before the approaches 
were taken out. In tunnels made through loose 
material, it has frequently been the practice to 
commence by running forward two small head- 
ings, in which the side walls are built, before 
the remainder of the section is excavated. In 
other caaes, the upper part of the tunnel has been 
opened first, and the arch built ; the space for 
the side walls being next excavated, and the 
arch propped by timbers until the walls are 
built up to connect with it When the gradient 
descends from a shaft, or at the end of a tunnel 
where the gradient descends into the work, and 
the water follows the operations in a troublesome 
manner, the heading may be commenced at the 
bottom of the intended section, and run along, 
on a slight ascent, until it reaches the top, "when 
a pit may be sunk to the level ^f the fioor, and 
the heading may be started agam, and the ascent 
oommenced anew. The size and proportions of 
tunnels may bo illustrated best by reference to 
examples. The Box Tunnel, Fi^:. 6465, is between Chippenham and Bath, upon the Great 
Western RaUway, in England. It is 3200 yds. in length, 30 ft. wide at the widest, and 24i ft 
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hieh above the roadway. Nearly half of it passes thiongh the Bath oolite limestone, and the other 
half through clay. It is straight, and rises from one end to the other npon a gradient of 1 in 100, or 
52*8 ft. a mile. For about three-fourths of a mile it has no lining ; the remainder is finished with 
side walls of the oolite and an arch of brick. There ore seven sl^fts, having an internal diameter 
of 25 ft., widened to 30 ft where they intersect the tunnel. The deepest shaft is about 800 ft 
They are lined with brick. 

The Brislington Tunnel, upon the same railway, 1100 yds. long, has nearly the same section as 
the Box, and is made in a very hard rock. This short tunnel has nine shafts ; in order to hasten the 
work, a driftway, 7 ft. wide and 8 ft. high, made in eight months, wus run the whole length before 
the enlarging was commenced. Tlie whole work was done from the inside, on account of the heavy 
cuts at the ends. The enlarging of the headin*^ was carritx) on at all of the nine shafts ; but tlie 
materials) were raised up by only three, which were about 1 10 ft. deep and 15 ft. intern al diameter. 

The Woodhead Tunnel, upon the Manchester, Sheffield, and Lincolnshire Bail way* n(ar Man- 
chester, is 3 miles 26 ft. long, 14 ft. 4 in. wide at the level of the rails, and 18 ft. 3 in. high, 
from the rails to the under side of the arch. The sides are vertical, and there is no inv^. 
The road is provided with a small drain, next the wall upon each side. A second tunnel, of 

Srecisel^ the same dimensions, was afterwai'ds built parallel with it, separated by a longitu- 
inal pier, 21 ft. thick, through which are twenty-one arched openings, about 12 ft. wide, con- 
necting the two. The first tunnel was made with shafts, about 10 ft. in diameter, upon one side of 
the centre line, which now descends into the middle of the connecting arches. In making the 
second tunnel the shafts were not used ; but the side walls were first cut tiirough, and openings 
made horizontally into the line of the new tunnel, all of the material buing brougnt by cross roads 
to the finished line, and run out in cars. 

The Kilsby Tunnel, upon the London and Birmingham Railway (London and North- Western), 
is about 2400 yds. long, with a section of 27 x 23^ ft. It is cut through clay and sand, and occu- 
pied about four years in its construction. It was intended to make the brick lining 18 in. thick, 
out this was increased, for the most part, to 27 in. The. whole was laid in Boman cement. During 
the construction of this work an immense quicksand was encountered, out of which water was 
pumped for eight months, night and day, at the rate of 1800 gallons a minute. The large shaft, 
60 ft. in diameter and 132 ft. deep, was completed in a year; its walls are perpendicular and 3 ft. 
thick; the bricks being laid in Boman cement. This immense shaft, as well as the second, which 
was 80 ft. less in depth, was built from the top downwards, by excavating for small portion of the 
wall at a time, from 6 to 12 ft long and 10 ft deep. The whole number of bricks used in this 
tunnel was 36,000,000. The cost, which was estimated at 90,000/., reached the sum of 350,000/. 

The Netherton Tunnel, upon a branch of the Birmingham Canal, was completed in 1858. It 
is 8036 yds. in length, 27 ft. wide, and 24 ft. 4 in. high. The brickwork for the lining was geUe- 
lally 1 ft. 10^ in. thick m the side walls and arch, and 1 ft. 1| in. in tlie invert; the thickness 
being increased where the shafts join the arch, and also in some places where the ground was bad. 
At several points the invert was pressed up from beneatli, in some cases as much as 5 in., the 
bricks remaining unbroken. In one place, where the bottom was forced up 8 in. at the centre, and 
the bricks were crushed, the invert was cut out for a length of 130 ft., and rebuilt 1 ft. 10 in. thick. 
This was done in short pieces — about 6 ft. — at a time, tiie side walls being carefully strutted. In 
rebuilding a portion of this invert, 49 ft. in length, the versed sine was increased to 2 ft. 6 m. 

There were seventeen shafts, 9 ft. in diameter, eeven of which were left permanently open, and 
lined with brickwork 9 in. thick. This brickwork was built upon an Oiik curb 9x3 in., from 
beneath which the earth was excavated, the curb being temporarily propped until underpinned by 
' the brickwork brought up from the second curb below. The greatest depth of the shafts was 
344 ft., and the least 66 ft. The average rate of progress a day of twenty-four hours, from the com- 
menoement to the completion of cadi shaft, was 2 ft. ; but counting only the days upon which work 
was actually done, 3 ft. 4 in. The material was chiefly blue marl. The size of the heading was 
5 X 8 ft, the bottom being level with the top of the invert. 

The Almondabury Tunnel, near Bristol, upon the Bristol and South Wales Junction Railway, 
Fig. 6466, is 1221 yds. long, 18 ft. 6 in. wide at the 
widest part, 17 ft. wide at the road-bed, and 19 ft. high. 
It was built for a single track ; the whole work being 
done by means of the shafts, of which there were five ; 
the deepest being 144, and thu least 67 ft. 

The Sydenham Tunnel, on the London, Chatham, and 
Dover Railway, is 2100 yds. long, and is made through 
the London clay. It had seven shafts, varying from 50 to 
186 ft. in deptii, and 9 ft internal diameter. Two only 
of these shafts were intended to be left open permanentlv. 
The clav in which this work was executed, throagh yield- 
ing freely to the pick, afterwards swelled and crushed the -*• 
masonry. The shafts were made 9 ft. in diameter, but were 
afterwards pressed in, so as to be hardly more than 6. The 
headings were 4 x 6 ft., and were run forward at the 
top, and not the bottom, of the excavation. The original 
section is shown in Fig. 6467. But the swelling or the 
clay BO forced in the masonry that 6780 cub. yds. of the 
side wall and 2065 yds. of the invert had to be rebuilt At the foot of one of the shafts, 120 ft. deep, 
which was the worst place, the tmmel was at first lined with eight rings of bricks, making a thick- 
ness of 36 in. This was cut out and replaced, first by ten, and again bv twelve rings of brickwork, 
or 4 ft 6 in. of thickness ; and even some of the last had to be replaced. 

The shi^ had at first a lining of brick 9 in. thick ; but this was so pressed in, and the diameter 
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80 reduced, as to reqaire a new lining 18 in. in thickness. This action of the clay begins very soon 

idter the excavation is made; if it is not noticed within two months, it is no longer feared. The 

action at the top of the arch is slight, the principal 

effect heing on the invert, which rises first at the 

centre and afterwards at the sides. The dotted line 

in the figure shows the altered shape of the original 

section. The form was afterwards changed ; the first 

step being to lower the invert, which showed such a 

tendency to rise, and the next to lower tlie arch and 

flatten it at the top, until finally the section of the 

tunnel was almost a circle, the tmcknees of the lining 

above the road-bed being 4 ft. 6 in., and that of the 

invert 3 ft. Preference was given in this work to 

lime-mortar over cement, as it hardens more slowly, 

and receives the first pressure gradually, by which 

the bricks do not break so readily. 

The Bletchingly and Saltwood tunnels are be- 
tween London and Dover, upon the South-Eastem 
Bailway. The Bletohinglv is 24 ft. wide^ and 21 ft. 
from the top of the rail to the under side of the crown 
of the arch ; the versed sine of the invert being S ft., 
and the form as in Fig. 6468. The length is 3972 ft. ; 
the tunnel being inclined at the rate of 3 ft. in a 
mile. The material through which it is cut is blue 
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clay. The thickness of the lining varies from 
1 ft. 10| iu. to 3 ft., according to the ground. The 
time occupied in the construction was 626 days. 

The Hanenstein Tunnel, between Basle and 
Olten, upon the Central Swiss Railroad, ifi 2729 yds. 
long, of which 1970 yds. were cut fVom one end. 
This work passes through limestone, sandstone, and 
shale. It is made for a double track, being 26 ft 
wide, 20 ft. high above the ndls, and of tiie form 
shown in Fig. 6469. In some places it has an invert 
and at others none. The line is straight and the 
nadient unifonn, rising 1 in 38, or 139 ft. in a mile. 
The masonry is limestone, no bricks being used. 
The heading was about 10 ft square, and run for- 
wards at the bottom ; but on account of the water 
that followed the descending gradient, it was not 
kept parallel with the intended road-bed, but was run 
from the bottom up towards the roof, witliin the limits of the section. From the heading enlarge- 
ments were made at different places, to get additional working faces. 

The Mont Genis Tunnel, which was completed in the summer of 1871, is, without doubt, the 
largest work of this kind ever undertaken. It is 7 miles 1044 yds. long, and of the section 
Fig. 6470. The grade rises at the rate of 117*22 ft. a mile, or 444*90 ft. in all, from the French 
end to the centre ; and falls, for the purpose of drainage, at the rate of 2*64 ft. a mile, or 10*04 ft 
in all, from the centre to the Italian end ; thus making the southern portal 435 ft. higner than the 
northern. The tunnel is lined with masonry throughout, but with no invert, a covered drain 
being made in the centre. The side walls are of stone, laid in regular coursea, and the arch upon 
the Italian side in brick. Recesses, large enough for several men, are made at freouent intqnmlsi, 
and at every 550 ^ds. a tool chamber. 10 or 12 ft square, is provided. The side ana arch masonry 
is about 2 ft. thick, though varying at different points. The tunnel has no shofta, being at the 
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deepest man than & mile beDenth the auimiiit. The drilling at this greni work waa done b; 
EOttohiuery, the tools being orroDged npoa a curriBge. and diiveo b; a most ingenioiu appliration of 
oompresaed air, wbioh, after fumiKbiiig the required power, escaped, and served to ventilate the 
heading. The pnigreaa of the tunnel woa such us (o give a total advance of 30,068 ft. in twdve 
years, or 2506 n. in a jear, or 209 ft a month, or 104'5 ft. a month at each working face. 

Fig. 6171, which is a section of the Spmce Creek Tuooel, on the FennBylvonia Bailrcad, shows 
how little room there ia to spore when two trains ocoopy tbe metals ; the width in this caae is 23 ft. 
at the widest part, tbe gaoge 1 ft. 9 in,, and the width between nils 6 fl. Tbe Allc^bao;, or 
Oallitsin Tunnel, upon the same road, has a widtb of 21 ft. 




Hie HnooM Taimel In prooeas of oon- 
ttraetion (1873) beneath tiw moonlain of 

"- D Westarn HaaBaohiuetts, 

'I miles long. It is to 
i dimenaiDnB shown in 
Figs. 0172 to 6474, Fig. M7S repreaenting 
the section in the solid took where • lining 
is not required. Tbe right-hand half of 
Fig. 6473 shows a half notion of the tnnnel 
arohed ; tbe left-band half of the some 
flgnre ^owa a half section with the lining 
and with a preliminary timber support to 
tlie roof, to protect tbe workmen until the 
brick arch is completed. Fig. 6474 is a 

seotion of tbe lining where an invert is leqnind. Tbe gradient rises at tbe rate of 26^ ft. 
a mile ttom each end to the centre. Shaft No. 1 is 148S ft. from Ibe western end, and Jias a 
section of 6 X 6, and a depth of 215 ft. Bbaft No. 2 is 2183 ft. from the western end, and has 
a seotion of 13 x 6, and a depth of £77 ft These shafts were sunk for the purpose of drainage, 
belbre the heading had been driven through from the west end. Tbe west abaft, 2447 ft. from the 
western end, is 14 x 8 ft., and 318 ft. deep, and is the working shaft where the material excavated 
eastward wag hoisted. The central gbaft, about midway between the ends of the tunnel, is elliptioul 
in section, 27 ft in diameter along tbe line of the rood, 15 li, in diameter across tbe road, and 
1030 ft. deep. The Hooeoo Mountain, on tbe line of the tunnel, rises to a height oF2500 ft. above 
tlie sea, and about 1800 R. above the rood. There is a double summit, and tlie central shaft is 
placed in tbe intermediate dopreaaiou. 

The general character of the rook at tbe eastern end and at the central abaft is mica slate with 
quartz ; and at the west ahaft a hard qoarbite. The first 2000 ft. at the western end, being through 
a rapidly decomposing material, rcqnired to be arched with brick. Tbe hwdinga have been driven, 
and mudi of tbe enlarging done, by the mecbine known as the Burleigh Book Drill. These drill* 
are in e«Kh beading mounted upon two carriages, standing side by side, with a spooe of abont 6 tX. 
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Ing the lirilla, oompreased ai 

At the eeBtern end of the work a dam across the Doerflclil Rivei giTea a head □( 21 ft., trliich 
vorks four turbine-nheels, each wliael working fonr air-cjlindere. The air, complcaaed to a 
tendon of aboat 06 Iba. an inch, is coaveyed into Ibe tnimel tbroagh two g-ln. cost-iinn pipei; 
and ciperieQce shon that It loaes little or nothing ofits fon« in the tranrit. 

When theeange at tlie oompreaBors abowH GS lbs., that at the heading ahowB 63 Ibcu At the 
Mutem end the ezcevation of tbe heading is effected by ordinary etumon povder, and the 
enlaTging by nltio-glvoerino. At the weetecn end, where the rotk ia very mnoh hoidet, nitro- 
glyoerine la almost oboll; oaed ; and the central ahatt hai been sunk alti»ethet vrith the 
maleriiJ. Abont GOOD ll«. of this now eiplosive, and 2S0 koga, of 2S lbs. eaoh, of powder, ar' 
every month. Tbe explosion'is effected wholly by elE«tru:ity, every charge in a blast, k 
M many as thirty, being discharged simultaneously. 

The tmdergTound work ia carried on in three shifts daily, eight hours beins a day's work ; thna 
the tnnneUing goea on nnoeaaingl; through the twenty-foar hours, Sunday only exoepted. 

The preo^ing sections are all drawn lo the same eoale, and thus show tbe oorreoC rehitive Die 
of the Tariona timnels referred to. 

The most modem system of tannelling ia that employed on the London Metrcnnlitau Coder- 
gmond Bailwaya. Fig, G175 is a croaa-sectinn of the genual type of tunnel adopted The dimen- 
aiong Tarr a little in some parts, but, aa a rule, are as follows. The span in the clear of the ardi 
is 28 ft. 6 in. The thickness of tbe arch, 2 ft. 5 in., or equal to six rioga, and backed b; oonoieta 
Bpondrilo. The height from the level of the mils to the crown of the arch is nsoally 16 fL 6 in., 
but on Bome parts of the line it is increased to 18 ft. 9 in. Ever^ portion of tbe length of the 
tnnnel is provided with a drain, which la carried nndereround in the centre between the two linea 
of rails ; and every area and pooket and basin, or funnel-ahaped collector of land and anr&oa wato 
at the back of the walls or over the aaphiilte covering of tbe tunnel, has its down-pipe^ and iti 
oonnection carefully made. 



Culierti. — The almplest fonn for a cnlrert earning a smnll atrenin beneath an embankment fi 
shown Fig. 6476. It consistA of two side wells and a covering of flags, and forms a very eoouomtcal 
structure, when flat atones con bo readily procured. Caio should be taken tliat the wat«r-WBy of all 
culverts is in eiocss of their actnal Teqmrcments, and no water sbonld ever be allowed lo Qnd ita 
way behind or underneath the masonry. The foUowina; dimensions given in Table Uf. will aervs 
as good approiimate guides for general use. Under high embankmenia the depth of tbe flag may 
be inoreaseil at the centre of the length of the culvert, when the weight is a maiimum. A face 
. wall may be built to a culvert when «>pearanoe ia an object, aa in Fig. 6477, and for larger streams 
vring walls, Fig. G478, are uaually built. A cross-aection would have the appearance lepitaented in 



n 




Fig. 6479. Cnlverti m classed aoooKling to their diffbrent spans, and when small In size are natuflf 
eaUed drains. A common practice with the English Uraiuage Comniissionera is lo place the inven 
of the cnlvort abont 5 ft. below the natural snrftioe of the ground. On this asfnimption, the depth 
of filling over any culvert in an embankment may be thus obtained. Let D — the required depth, 
H the height of the culvert between the invert and the top, and H, the height of the embankment 
Then we have D = H, — (H — 3). Tbe length of tlie culvert, putting B for the ratio of the slope* 
B for width of formation level, and L fftr the length, will be L = (H, - H + 5) 2 E + B. If 
the width of the formation lev^ be that of an ordinary single line, equal to 18 ft., and the ratio of 
ali^wa 1} to I, the length in yarda of the oolvett will be given by the equation 



L = 2 B CH' - H + 5) + B + 0. 
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Table m. 










Ana. 


OpenJog. 


SideWalL 


Depth of 
Flag. 


Length of 

Fltg, 






4 


2x2 


2x2 


12 


5 






9 


8x3 


8x2^ 


16 


6 






16 


4x4 


4x3 


20 


7 






25 


5x5 


5x3^ 


22 


8 




86 


6x6 


6x4 


24 


9 





Fencing, — In some countries the line is not fenoed at all, but in all those in which the proper^ 
on cither side is held by private landowners, fencing of some sort is. indispensable. The readiest 
made description of fence, when labour is cheap*, is that commonly used in Ireland, and consists of a 
ditch and mound as shown in Fig. 6480. The material ezoavated from the ditch is thrown into 
the mound, and a quickset hedge planted 

along the top. After the lapse of some time *^^ 

this makes a good fence, but it requires in 
the interim a considerable amount of repair. 
It is also yery liable 1o be trodden down bv 
cattle, and people walking on the top of iC 
The common timber post and rail fence is well 
known, and there are besides an almost infinite 
variety of iron fencing. When the line passes 
through a private demesne, iron fencing of an 
omiimental description is frequently employed. 
Perhaps the best fence that can be put up 
along a line is the dry stone walL If well 
built, and the stones well bonded together, with a rough coping set in mortar, edgeways, it forms 
an excellent protection again&t the trespass of both man and oeast 

Metalling and Pitching. — See Scads. 

Ballasting and Boxtng.-^The material most commonly used for ballast is gravel, Or broken stone; 
and when these cannot be obtained, burnt clay, cindertt, slag, broken brick, shells, and even small 
coal have been made use of. Whatever material is employed, it should be hard and clean, and 
capable of binding into a solid mass, to prevent it being washed away from under the rails 
and sleepers. The common width for ballast on the standard gauge is 14 ft. for a single and 26 ft. 
for a double line of way. The depth is about 1 ft. 9 in. to 2 ft. Boxing is the upper 6 in. or so of 
the ballast, and must not be quite so coarse as ^e lower stratum. The quantity of ballast to the 
mile required for different depths and widths is given in Table lY. 

Table IV. 




Depth m 
jprhfwi. 



16 
18 
20 
22 
24 



CnbloYArdiofBaUutaMlle. Slopes 1 to 1. Width on top for 



Single LtaML 



10 feet 



2955 
3375 
3802 
4212 

4G93 



11 feet 



8216 
3667 
4128 
4600 
5084 



12 feet 



3477 
3960 
4454 
4959 
5475 



Double Line. 



21 feet 



5823 
6600 
7387 
8186 
8996 



;t2 feet. 



6084 
6894 
7713 
8544 
9387 



23 feet 



6344 
7187 
8039 
8903 
9775 



Laying Permanent Way, — The laying of the permanent way is but too often left almost entirely 
to the platelayers. This is a serious mistake. Proper centre stakes should be put tn, especially 
in the curved portions of the line, and particular care paid to the super-elevation or cant of the 
outer rail. The tendency for a carriage to leave the metal when running round a curve results 
from three causes. Ist. The centrifugal force; 2nd. The parallelism of the axles; and 3rd. The 
slip of the wheels. Put Y for the velocity of a train in feet a second, R for the radius of the 
curve, F for the centrifugal force, and W for its weight. Then the following proportion prevails 

V 

^ • "^ • • o» »T> ' !• ^u is the ratio which the cant or elevation of the outer above the inner 
32*2 B 

rail of the curved line of rails must bear to the gauge or transverse distance between the rails. Let 

V be the speed in miles an hour, G the gauge, and C the cant for the centrifugal foroe, then 

C = G X rr-p nearly. One half the cant should be given by raising the outer rail above the 

level of the centre line, and the other half by depressing the inner rail. It is obvious the cant cannot 
be adjusted for all speeds, and the safest plan is to adopt it nearlv to the maximum speed. If an 
average speed of 40 miles an hour be assumed as the datum, the cant for different gauges and 
different curves will be found in Table V. The tendency to leave the line, which arises from the 
axles beinsT parallel instead of radiating from the centre of tiio curve, cannot well be distinguished 
from that due to the slipping of the wheels, which is tlius caused : — ^The outer rail of any ourve is 
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longer than the Inner rail in Che proportion of the radioB added to the gauge radim. While the inner 

wheel rolls over a given aro of the inner rail, the outer wheel, if it be of the same diameter with the 

inner wheels, has to slij) over a distance equal to the difTerence of the lengths of the rails. This 

causes an adaitiunal resistance to the advance of the outer wheel of each pair of wheds, tending to 

make the front end of the carriage swerve outwards. The taper or coning of the wheels was 

designed to prevent this tendency, by causing the outer wheel to run on a portion of its tire of larger 

diameter than that on which the inner wheel runs at the same time. The coning of the wheels 

has the disadvantage uf increasing the oscillation or sideward lurching of the trains when running 

on a straight line. This tendency to swerve may be corrected in cylindrical wheels by means 

of an additional cant, which tlirows the larger proportion of the weight on the inner laiL 

The additional cant required for that purpose was oetermined experimentally by D. Bankine and 

W. J. M. Rankine, for carriages moving on a narrow-gauge line at speeds of from 3 to 12 miles an 

hour, and found to be independent of the velooity and inversely proportional to the radius of the 

7200 
curve. Putting O for the additional cant in inches, we have = -^- , in which B is the radius of 

the curve in feet. The use of bogeys or axle-boxes sliding in curved guides renders this additional 
cant unneoessary. 

Tablb Y. 



OMge. 
4 ft. 84 in. 
«„ 3 
6,. 
7 « 



n 



Cant for OeQUirugal Force In inches. 
6000 + radius in feet. 
6680-1- 
7680 ^- 
8960 -f- 



•J 



f» 



M 



Expansion &f i&nb.— The ends of rails if laid at a low temperature must not be placed m 
contact, since wrought iron expands 0' 0000068 of its length for each degree Fahr. A change 




the distances to be left between the joints at different temperatures are given in Table VL Bails 
which have been laid in contact in cold weather, have Men thrown out of line and out of level 
more than a foot by the powerful force of expansion, which may be said to be irresistible. In 
fishing all joints, the holes in the chairs must oe longe^ than those in the rails, in order to allow 
of the proper expansive motion. Serious accidents have happened through the neglect of this 
simple precaution, even on lines upon which the rails weighed over 80 lbs. a yatd, and were well 
secured by fish-joints. 

Tablb VI. 



Temperatare. 


Dtotanoes in Inches. 


Tempentore. 


Distances In indies. 


Tempentore. 


Distances failnchtt. 


90 


016 


o 
40 


114 


o 



• ■ 


80 


0049 


30 


131 


10 


0179 


70 


0-065 


20 


147 


20 


0196 


60 


0*082 


10 


163 


30 


0-212 


50 


0-098 




■ 







Specification, — A specification or detailed description of the various works to be carried out 
is always attached to a contract It would require considerable detail to treat tuis subject fully, 
but we may briefly mention a few prominent points in connection with it The description of the 
commencement and end of the work should be very accurately and minutelv stated. The clauses 
also should be very distinct which relate to the time allowed, the mode of payment, the testing 
and delivery of materials, and the penalties provided in each separate instance. Attention to 
these points not only materially contributes to the rapid and efficient execution of a contract, but 
avoids all future arbitration and litigation. A good specification should be the joint production of 
both engineering and legal ability, neither unduly sacrificing the one feature to the other. While 
proper tests should always be stipulated for, yet if they are carried to an extreme degree, as 
frequently happens, they defeat their own object When it becomes impossible to carry out 
certain unreasonable demands, the alternative is to evade them as much as possible; and it 
must always be borne in mind that Hie more stringent the demand, the greater the difficulty 
in enforcing it 

Bee Aboh. Ball ast. Bbidoes. GoNSTRTJcrnoN. PsBMAinsifT Wat. Bignal^ 

BATGHET-WHEEL. Fb., I^om a rochet; Qeb., Sperrrad; Ital., Buota a nottoiino; Spak., 
Bueda de trinquete. 

A circular wheel having angular teeth, by which it may be moved forward, as by a lever and 
catch, or pawl, and into wmch the pawl may drop to prevent the wheel from ruiming back. "See 

MlOHANICAL MOVEMEHTB. 

BEAGTION. Fb., Reaction; Gbb., Reaction; Ital., Beazkme; Bpah., Reaecion, 

In mechanics, reaction is the force which a body subjected to the action of a force from anothes 
body exerts upon that body in the opposite direction. 

BEACTION-WHEEL. Fb., Roue a ri^actioni Gbb., Reactionfrad ; Ital., Ruota a reaitiona; 
Span., Rveda de reaixnon. 

See Babkkb's Mill. 
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REAMER Fit., M^oir; Qwa., Beibaiit,- Ital., Alhrgaiort; Bpah., Avellanador. 

Beuner or Bimer ia % tool tued to enlargu a tiolo in a IJevelled form. 

BECOBDraQ PBEBSUBB-OATIGE. Fa., Jfnnomitm eniYgittrtmt; Gib., HanonKter 1 



Aiueigtnti 
Tbaob; 



„ „ ... -- a true record of all preeBurea and 

wiBtlotu of the mne for referenoe, either in the in lareet of saieiice or in inreBtigatiooB before 
coroners' and other jnrie*, and for irupection by inaoreia, proprietors of mannfoctoriea, ateemen 
•tatiouar; enginea, and locomotiTea, to aacertaln at any timo ILo past as well as the present strain 
or prsBsure snatained; also whether the employ^ are attentive to their dntles and uniloini in 
feedins the fuel and water, or whether Ihey are oareleas, irtegolar, or incompetent, and therefore 
uDtnutwortby in the discharge of snob Important duties as surroDiid the generation and use of 
Etesm, whether at high or low preMoie. These obieotB are well attained in M. B. Edson's reooidinK 
gangs, Fige. 6481 to 6488. ^ 




The ^tlngB eonrist of ft terleaof drenlar elastio obambeia ; tlwy aieccnnpowdofthlDdroiilai 
sImI diios, with ooirngfttioiu, e<Mh pair forming a ohaaber by means of a flat braas or coropoeition 
Ting inlerpoMd between their outer edges, and having tvo oompreesiiig rings, one atmve and one 
under the discs, tbe whole being seonrea Snnlj tOjgether by screws, so as to be steam and air tight 
A thin flat packing of foil or of sheet rubber Is interposed for packing between the discs and the 
rings, and the discs, the rings, the couplings, and other paits are electro-plated with nickel to 
proTent oxidation, and tbos preaerre their accuracy for a long time. These chambers are con- 
nected together by hollow connections or ooupliugs secnred to the centres of the discs around an 
opening, and they are provided with alternate male and female screw threads, so as to be joined 
together in a series, the joints being steam and air tighL The lowest oliamber is secored to the 
hed-plate, and is provided with a coupling, by which eonneotion is made tbroi^h a suitable pipe 
with a btdler or other vessel in whioh the fluid uoder pressure is generated. I^e npjier chamber 
has on the top plate or spring a short, fixed, slotted vertical stud. These chambers are surrounded 
by a snitable casing, whioh supports the bearing whereon the oscillating rack and other parts are 
fitted. Thiscasingisaeoiiredto the bed-plate to movent an^ variation in the working parts. Upon 
a bearing is a segmental rstdc osdllating vertically npon pomts, and having on its rmler segmental 
peripher; teeth whteb gew into a piniou hst upon tne bninmttd shaft, on the ftont ood or whioh 
Is filed a large spur-w^el for operating the vertical rack that carries the spring pencil-holder. On 
ttie oppomte end of the btnlBinbJ shaft a smaller spur-wheel is fixed to gear into and to operate a 
horiiontal sliding rack whioh passes through slots in the frame at each end. Upon the side of this 
segmental rack is fixed an open rectnnRaliu' fVame or shoulder, within which is plaoed the sliding 
i^nstable link, and which is made to slide towards or from the centre of oeciilatioo of the segmental 
nek by means of the two a^usting screws at the opposite ends. A c<»inocting rod is at its npper 
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end pivoted upon a pin fast in the link, and at its lower end Is fiastened by a pin to a etnd. The 
use of the sliding link is to increase or diminish the extent of the oeoillation of the segmental rack. 
A reseryoir dram, upon which the paper chart is wound, has its bearings upon conical points at the 
centre of the drum neads, the lower oeing fixed in the bed-platband the upper bearings being the 
end A of adju;itable screws, which pass through the horizontal brackets. Upon the opposite side of 
the cylindrical casing is the receiving drum, which has its bearing at the bottom, smiilarly to the 
reservoir drum. These drums have each a narrow slot, behind which is fitted an eccentrically- 
flattened rod to clip and hold the paper chart. Around the edge of the top of the receiving drum 
is a raised rim making- a hollow circular space, in which is placed a universal or constant pawl, 
which is centred upon the drum head, but moving horizontally upon the said bearing. The short 
arm of the pawl is eo arranged that wnen the long arm is pushed from the centre it w3l slip around 
within the rim loosely, so as not to turn the drum ; but tue instant the long arm is drawn towards 
the rack, the short arm will impinge upon the rim, and thus cause the drum to rotate. The pawl- 
lever is operated by a fixed pin in the end of the horiztmtal rack. The paper for the charts is 
wound around the iirst drum, and is passed in front of the bearing upon the casing, and between the 
said bearing and the pencil-holder, passing thence to and aiouxid tne receiving drum. The paper 
chart is ruled with horizontal lines, and figured on the drum &om zero to 90 lbs. pressure. The 
chart may also have zigzag tracings, indicating fluctuations in pressure. In front of the <r^lindrical 
frame the verticiJly-slidiug rack rests in frictionless bearings upon the frame; the teeth of the rack 
mesh closely into those of the spur-wheel, b^ which the rack is operated, and is made to carry the 
pencil-holder up or down as the pressure is mcreased or diminished. 

KEFKIGEBATOB. Fb., Refrigerant; Geb., Kiihlfcua; Ital., JRefrigeranU ; Span., Befri- 
gerante. 

See Ice MAOHnn. 

BESEBVOIB. Fb., Reservoir; Oeb., BehOiter; Ital., Serbatoio; Span., Estanquen; algAes. 
See Wateb-wobks. 

BETAININO WALL. Fb., Mur de souUnment; Geb., StUtzmauer; Ital., Muro diaostegno 
Span., Muros de contencion. 

Retaining Walla are masonry stmotures designed to impound or support fluid, semifluid, or 
granular materials, and are employed under various forms in the construction of fortifications, 
reservoirs, docks, wharves, sea defences, and lines of inland communication. In these oonstructiona 
they appear as revetments, dams, and weirs, dock and sea walls, piers, breast walls, and wing walls. 
A retaming wall is said to be surcharged when the bank it retains slopes backwards to a higher 
level tiian the top of the wall. The slope of the bank may be either equal to or less, but cannot be 
greater, than the angle of repose of the earth of the bank. 

In determining the proportions of retaining walls, engineers have been g^ded by principles 
deduced from the practical data furnished to mathematicians by the experiments and constructions 
of successful builders, so that theory and practice have gope hand in hand in establishing the laws 
and rules which lead to economical and slalful design. The same mechanical laws apply to retain- 
ing walls equ^^ with all masses of masonry pressed by oblique forces, and it is therefore convenient 
to treat the subject of their equilibrium under the distinct heads of — ^the stability of the wall ; and 
the pressure or thrm»t of the material retained — the combination of the results leading to the deter- 
mination of the proper dimensions of the profile of the wall. It is usual in investigations conneetad 
with these subjects to confine the calculations to some unit of length of wall ; the unit, therefore^ 
which will be adopted for uniform walls, that is, walls of constant croas-section, in tnis article, 
unless otherwise expressly stated, will be 1 ft., taken at right angles to the plane of the profile or 
cross-section of the wall. 

Stability of the Wall. — A mass of masonry pressed by an oblique thrust mav foil through heeling 
over in the direction in which the thrust acts, or it may slide bodily forwaro, either on its base or 
on some plane in its substance. It will hereafter be seen that the contingency of sliding may, 
under ordinary ciroumstances, be dismissed from the consideration ; but the effect of the heeling 
tendency 'must be carefully investigated in all cases. 

A wall, in moat text-books on the stability of structures, is treated as if it were a homogeneous 
adamantine mass which could actually turn over round the outer angle of its base, as on a knife 
edge ; but this, except in very small structures, is an impracticable, not to say imporaible^ assump- 
tion, for there can 1m no doubt that in large walls the masonnr of the face would crush, and the 
mass disintegrate near the point of rupture, long before the wall could actually tilt. 

The resultant of an oblique thrust in a mass resting on a horizontal base may be resolved into 
two components — the vertical, causine a vertical stress or pressure on the base ; the horizontal, 
tending to push forward the mass. The resistance which the wall opposes to the effects of the 
former is called its statical stability ; to the latter, its frictional stability. 

In retaining walls, the vertical stress is made up of the weight of the wall; and the vertical 
component, if any, of the thrust of the material retained by the wall ; while the horizontal force is 
simply the horizontal component of the same thrust 

Dealing first with the statical as distinguished from the frictional stability of the wall, we find 
that when the resultant of all the forces acting on tiie mass passes through the centre of figure of 
its base, the vertical pressure Is considered to be a stress distributed uniformly over the base ; its 
amount at all points is equal and of a mean intensity, found by dividing the total vertical pressure 
by the area of the base. When^ however, the resultant does not pass through the middle of the 
base, the centre of realBtanoe, which is the point of application of the resultant in the base, will 
not coincide with the centre of figure of the base, and therefore the stress will increase in intensity 
on that side towards which the resultant deviates, according to a law which is, that the intensity 
la at any point proportional to the horizontal distance of the point along an axis in the direction of 
the thrust. This is the law of an uniformly varying stress. It is this increase of pressure on the 
edges of the base which tende to crush the materials of the wall, and cause failure long before the 
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reenltant or centre of reaistanoe can have reached the face of the s truotuT Bu When the resnitant 
paases ontsiJe the face, the pressnre being nnbalanoed, the wall must heel. We will confine onr- 
Belves to the stability of walls independently of their foundations, although it is easily seen that 
the same principles may be appliea to the resistance of the materials composing the foundations as 
well as to that of those of the walL We shall therefcve suppose our walls placid on secure founda- 
tions. Failure of foundations through excess of stress nevertheless must be guarded against as 
likely to occur in retaining walls — a notable instance of such failure being the Puentte dam in 
Spain, already referred to, Fig. 2248, in article Damming. 

The diagram in Fig. 6484 represents the distribution both of an uniform and an uniformly 
Tarying stress. The rectangle A B G D represents the former ; one of the 

other figures, contained by dotted lines, as CA', B D, the latter. Let A B • 

be a plane forming the base of a wuU, and let the resultant pass through 6484. /P 

the centre o. Erect a perpendicular oo', equal to the mean intensity of the / : . 

vertical stress ; and since the stress is uniformly distributed its amount at / yji 

everj point is equal, and the total stress is represented by the ideal 
rectangle A BCD. 

But when tho resultant does not pass through the centre o, since the 
total amoimt of the vertical stress cannot vary, its mean intensity must 

remain constant and equal to oo\ and therefore, as it varies uniformly, J ..-'','', v: m T 
lines drawn through o' will form ideal figures representing the total stress, ^ ' /'' / ^ • \* 



3 



the ordinates of which will represent the stress at any pomt. , 

The ordinate at the point B will give the maximum stress or pressure A ,^' O 
at the face of the wall. \"/ •* 

It appears, therefore, that the mean stress increases towards B as the ^' 
ordinates of a triangle such as O' D D', and decreases towards A as those ^ 
of an equal and similar triangle D' G 0'. 

When the deviation of the r^ultant ftom the centre of the base is one-sixth of the breadth of 
base, the ideal figure is a triangle, as AB D', in which B D\ representing the maximum pressure, 
is double O O', representing the mean pressure. When the deviation excMds one-sixth the breadth 
of base, a portion of the stress, represented by the triangle A A' G, becomes negative, and denotes 
a tension ; but a tensile force beii^g practically an element too uncertain to deal with in masonry 
may be neglected, thus constituting an element of safety, while it simplifies the investigation. 

Tho conditions of the problem, it will be seen, however, entail the use of alternate iformulss for 
the maximum pressure ; one when the deviation of the resultant from the middle of the base is less 
than, or equals one-sixth the breadth of base, the other when it is greater. Let p be the mean 

intensity of the pressure on the unit of surface of the base = rr- — ; p' the maTimum 

area of base 

intensity of the stress on the unit of surface ; q the ratio of the deviation of the centre of resistance, 

from the middle of the base, to the breadth of base ; x the breadth of base ; then so long as the 

deviation \a not greater than one-sixth, the relation of p' to p is 

P'=1>(1 + 69X W 

and when the deviation exoeeds one-sixth, 



'• = ' (airW)) P^^ 



These formuln are identical with those already given in the article Damming, the notation 

being adapted to that here given by making — — o = g. 

The following Table of examples gives the ratios of p' to p for several values of q, calculated by 
the preceding formuls ; — 

Table A. 
For Valaefl of q leu than, or equal }th. For ValUM of q grtaUr than |th. 

111112121 21211S71 

^ = l2*n' ld*9' F l5'7' 13'6' ^ = il* 6' 9* 4* 5' S' B' 2* 

p' 8 17 8 5 7 9 13 25 o j>' 15 20 12 8 . 16 82 

p= r n' 5*3 4' 5'y'i3' >"t'T' 6"'8' '3' y* "• 

We see from what has gone before that it is requisite for the safety of a wall that the deviation 
from the middle of the base of the centre of resistance — the point where the resultant cuts the base 
— ^must be limited. 

If it should exceed one-half the breadth of base, the wall would overset ; and if it should equal 
the half-breadth, the maxunum pressure being infinitely great would require an infinite resistance 
to crushing in the materials of the wall. The limit therefore clearly is that the deviation shall 
not be such a fraction of the base as will cause the mftTJmnm pressure to exceed the safe resistance 
to crushing of any of the materials of the wall ; or^ if /* be the safe resistance of the materials, that 
p' shall not be greater than /. 

To determine the thickness of the wall so that this condition shall be ftdfilled, we must seek 
▼Blues ofp and g, on which p' depends, in terms of :r.v 

Wo know that » = ^"igh* o^ *«" + ^"rtioal oomponeDt of the throBt at back . ^^^^^^ ^ ^ 

area of base of wall 
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be the whole weight of the wall ; w^ the weight of a oubio foot of its rabstaooe ; h the height of the 

wall ; - the fractional part which the area of its profile bears to the area of a rectangle of 
ft 

equal height and breadth ; x the breadth of the base of the wall ; H the horizontal ; and Y the 

Tertical components of the throst at the back of the wall ; we have 



_ W, + V _ ^'i * . V 



[2] 



Uq» and 9' « be the horizontal deviations of the centre of resistance of the base, and of the centra 
of gravity of the profile from the middle of the base, we have in Fig. 6485 q » = OEj q' a = OK^ 
and K E = 9 d? J: 9' x, the upper or lower sign being used acoordiDg as the poants K and £ lie on 
the opposite or the same side of the middle of the base O ; O' K being the 

heightofthecentreofpressnreequals-, therefore CXK : KE ::¥:!!, *^^' 

tbos -: (q^q')z ::Y :R, and hence we obtain 

9 



J = 



HA 
3V« 



=F«'. 



[8] 



The following values of - and ^ flie found for oertain sections ; — 

n 



Form 

Bectangles and parallelogramB 

Triangles 



Ttepezoids 



1 

n 

1 

1 
2 



2x 



.( 



rh 
2x' 

8« ""6 

rh < — « 




) 



w + 2i 
x+t 



where r A is the batter of the face of the wall, t the thickness of the wall at top. 

By substituting in equations [1] said [1a] values for p and q obtained by the above fonnuln, and 
usine for j/ its limiting value/', the breadth of the wall may be calculated, as already shown in the 
article Damming, whm the subject has been treated in detail by French writers. 

The method of obtaining the profile dt a wall or dam on the foregoing principles, as adopted by 
the French writers, is exceedingly complex ; but W. J. M. Bankine hais, in connection with the 
design of a large reservoir-dam in Bombay, see article on Damming, reooided a mora practical way 
of dealing with the subject, and his process or rules may of oourse be applied to any retodmng 
wall. He writes ; — 

** With respect to the profile of the wall, its figure is in the main to be determined by principles 
nearly the same with those laid down by the French engineers, and put in practice in the dams of 
the rivers Furens and Ban ; that is to say, the intensity of the vertical pressure at the inner face of 
the wall should at no point exceed a oertain limit when the reservoir is empty, and the intensity 
of the vertical pressure at the outer &oe of the wall should at no point exceed a oertain limit when 
the reservoir is f idL 

** In the theoretical investigations of Delocra and tiie practical examples given by Graeff, the 
same limit is assigned to the intensity of the vertical pressuro at both l&ces of the wall. But it 
appears to me that thero are the following reasons for adopting a lower limit at the outer than at 
the inner &ce. The direction in which the pressure is exerted amongst the particles dose to either 
face of the masonry is necessarily that of a tangent to that face ; and, unless the face is vertical, the 
vertical pressure round by means of the ordinary formulsd is not the whole pressure, but only its 
vertical component ; and the whole pressure exceeds the vertical pressure in a ratio which becomes 
the greater, the greater the batter or deviation of the face from the vertical. The outer face of the 
wall has a much greater batter than the inner face; tiierefore, in order that the masonry of the 
outer fiaoe may not be more severely strained when the reservoir is full than that of the inner face 
when the reservoir is empty, a lower limit must be taken for the intensity of the vertical pressure 
at the outer face than at the inner face. 

<* In choosing limits for the intensity of the vertical pressure at the inner and outer faces of the 
wall represented by the accompanying profile. Fig. 6486, I have not attenipted to deduce the ratio 
which those quantities ought to bear to each other from the theory of the custribution of stress in a 
solid body ; ror the data on which any such theoretical determination would have to be based are 
too uncertein. The limits which I have chosen are as follows — 



** Limits of vertical pressure at inner face. 

In feet of masonry of 125 lbs. a cubic foot . . 160 

Pounds on the square foot, nearly 20,000 

Tons 8-93 . 

Kilogrammes on the square centin^tre, nearly 9*8 

Feet of water 820 . 

Pounds on the square inch HO 



outer face. 
125 
15,625 
6-97 
7*6 
250 
108 



*' In ohoosing these two limits I have been guided by the consideration of the following facts. 
As regards the inner face where the deviation of the stress from the vertical is unimportant, it is 



EBtAmiNG WALL. 



2731 



oertBiiu ftom practical experience, that rabble masonry, laid in atrong hydranlio mortar and good 
XQok foundations, will safely bear vertical pressure equivalent to the weight of a column of masonry 

160 ft high, if not higher. As regards the outer 
0486. ftkce, the practical data given by Graeff show that 

masonry of the same quality, in the sloping face 
of a dam, will safely b^ a pressure whose v^ical 
component, as found by ormnary rules, is equiva- 
lent to the weight of a column 125 ft. high. 

** The same reasons which show that the in- 
tensity of the vertical components of the pressure 
' ought to be less for a battening than for a vertical 
fEu^, show also that this intensity ought gradually 
to diminish at the lower part of the outer face, 
when the batter graduaily increases. In the 




Sooul»- 



fc > t .i. 



# 



Dresent state of our knowledge we should not be warranted in frammg any definite theory as to 
SeUw which this diminution ought to follow; and therefore, in preparing the accompanying 
^^ I have thought it best to be guided in this, as m the previous case, hj practicaJ examples, 
a^ to consider it iSfflcient to make the law of diminution .uch that at the denth ofl^ ft. below 
the surSoe the intensity of the vertical component of the pressuie at the out« !ace becomes nearly 
eouid to what it is at the same depth in the outer face of the dam across the Furens, namely, 107 ft. 
df masonry, or about 6* kilogrammes on the square ^^^^«- ^. ., ^ , ,.^ ^^^. ... 

^SThftvi koot in view another principle not referred to by tho French anthers, namely, that 
there ouKht to be no practically appreciable tension at any point of the masonry, whether at the 

4 ^ -f - w ttuTrfiirvoir is emntv, or at the inner face when the reservoir is full. 
""*?'^^«^X^th^tT%uot««a.of brickwork »^ m«o«y that ^ ex^ toth, 
OTertuSnglotion of fowee, which fluctuate m a«>^^ <*««»*«»>. ^e tendency to giTe way 
aII! .k»«. ifaioir at thftt Doint at whidi tho tension is greatest 
^ "to ^i^ef thiS tW^^^ be fulfilled, the line of resistance should not deviate from the 

•aa\ ♦k7«i^l-Mnf the wall to an extent materially exceedmg one-sixth of the thickness. In other 
middle^thictaeiB of the wa^^^^ Is empty iSid full respectively, should both lie 




°^^*. A tSr^<^ JSe^L' the inner face, not to exceed 160 ft. of masonry, or 20,000 lbs. a 

*^^Se vertical pressure at the outer face, 125 ft. of masonry, or 15,625 lbs. a square foot, at 
the noint where it is most intense, and to diminish in going dovra from that point. 

•*^ the lines of resistance when the reservoir is full and empty respectively, to lie within, or 
near to* the middle third of the thickness of the wall. , « ., , 

" Those aro the limiting conditions, and do not presonbe exaotiy any definite form. 

"In ohoosine a form in order to fulfil them without any practically important excess In the 
exoenditoio of material beyond what is necessary. I have been guided by the consideration that a 
formwhose dimensions, sectional area, and centre of gravity, under different circumstances, are 
found by short and simple calculations, is to be preferred to one of a more complex kind, when 
their merits in other respects are equal ; and I have chosen logantiimio curves for both the inner 

•* The constant subtaDgQiii oommon to both curves, marked A D in Fig. 6486, is 80 ft. 
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*< The thieknefls G B at 120 ft. below the top ib 84 ft, and of thiB one-fonrteenth, A = 6 ft.. Ilea 
inside the yertical axis O X, and thirteen-fonrteenths, A B = 78 ft., outside that axis. 
<* The formula for the thickness t at any depth x below the top, is as follows ; — 



or in common logarithms, 



SB •^ SB 



log. t = log. ^ + 0-4843 ^^=^ 



in whioh a denotes the snbtangent, 80 ft., and ^i the given thidmess, 84 ft., at the given depth, 
120 ft., below the top. The thickness at the top is 18*74 ft. 

" In the profile, horizontal ordinates are drawn at every 10 ft of depth from the top down to 180 ft^ 
and their lengths from the vertical axis O X to the inner faces respectively, are marked in feet and 
deoim&ls 

*' In eiftch case those ordinates are respectively ^ and H of ^^® thickness. Intermediate ordinates 
at intervals of 5 ft. can easUy be calculated, if required, by taking mean proportionals between the 
adjacent pain of ordinates at the intervals of 10 ft. 

"• The sectional area of the wall fh>m the top down to any given depth is found by multiplying 
the constant subtang6nt a = 80 ft., by the difference, f — <«, between the thickness at the top and 
at the given deptii, that is to say. 



y. 



•a? 



tdx = a(t^t^ [2] 



^ The vertical line through the centre of gravity of the part of the wall above a given horizontal 
plane stands midway between the middle of the thickness at the given horizontiQ plane and the 
middle of the thickness at the top of the wall ; and thus have been found points in the curve 
marked line of resistance, reservoir empty. 

^* Supposing the reservoir filled to the level of the top of the wall, the moment of the pressure 
exerted horizontally by the water against each unit of length of wall from the top down to a given 
depth X, is found by multiplying the weight of a cubic unit of water by one-sixth of the cube of the 
depth ; and if we take, for convenience, the weight of a cubic unit of masonry as the unit of weight 
and suppose the masonry to have twice the heaviness of water, this gives us, for the mometift of 
horizontal pressure, 

M = — . [8] 

12 *• •* 

^ The moment of horizontal pressure, expressed as above stated, being divided by the area of 
cross-section above the given depth, g^ves the horizontal distance at the given depth between the 
lines of resistance wiUi the reservoir empty and full respectively ; that is to say, 

M x» 



/ 



,rf. 12a.«-«^ [4] 



and thus have been found points in the curve marked line of resistance, reservoir fuU. 

^ In the preceding formulae the pressure of the water against the inner face of the wall is treated 
as if it were wholly horizontal, as in the investigations of Graeff and Delocro. In fact however, 
that pressure, being normal to the inner face of the wall, has a small inclination downwards ; and 
therefore contains a^ small vertical component whioh adds to the stability of the wall. The neglect 
of that vertical component is an error on the safe side. 

'* To find the mean intensitv of the vertical pressure on a given horizontal plane in the masonry, 
expressed in feet of masonry, divide the seotioiml area by the thickness at the given plane ; that is 
to say, 

^""=(1-^) [5] 



P 



** To find the greatest intensity of that vertical pressure, according to the ordinary assumption 
that it is an unifonnly varying stress, in other woros, that it increases at an uniform rate from the 
face fartiiest from the line of resistance to the face nearest to that line, the mean intensity is to be 
increased by a fraction of itself expressed by the ratio which the deviation of the line of resistance 
from the middle of the thickness Dears to one-sixth of the thickness ; that is to say, let p denote 
that greatest intensity, expressed in feet of masonry, and r the deviation of the line of resistance 
from the middle of the thidmess ; then 



'=-(-4)('+¥)- 



When that deviation is appreciably greater than one-sixth of the thickness, the preceding rule is 
no lon<;er applicable, but this case, as already explained, ought not to occur in a reservoir wall. 

** Tlie assumption on which the rule is based, of an uniform rate of variation af that component 
of the pressure whioh is normal to the pressed surface, is known to be sensibly correct in the case 
of beams, and is probably verv near the truth in walls of uniform or nearly uniform thicknes& 
Whether, or to what extent it deviates from exactness in walls of varying thickness is unoertain in 
the present state of our experimental knowledge. 

** The range of different depths to which the same profile is applicable without any waste of 
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material exiends from the greatest depth shown on the drawing, 180 ft., up to 110 ft., or thereabonts. 
For depths between 110 ft. and 80 or 90 ft or thereabouts, the waste of material is nnimportant. 
For depths to any considerable extent less than 90 ft., the use of a part of the same profile gives a 
surplus of stability. For example, if the depth be 50 ft., the quantity of material is great^ than 
that which is necessary in the ratio of 1*4 to 1, nearly. For the shallow parts, however, at tho 
ends of a dam that is deep in the centre, I think it preferable to use the same profile as in the deep 
parts, notwithstanding this expenditure of material, in order that the full advantage of the abut- 
ment against the sides of the ravine may be obtained. In the case of a dam that is leea deep in the 
centre than 110 ft., the following rule may bo employed ;~construot a profile similar to that suited 
to a depth of 110 ft., with all the thicknesses and orainates diminished in the same proportion with 
the depth, 'i he intensity of the vertical pressure at eaoh point will be diminished in the same 
proportion also ; but this does not imply waste of material ; the whole weight of the material being 
required in order that there may be no appreciable tension in any part of the wiU-l." 

Although the intricate foregoing methods are imperative in structures of unusunl magnitude, 
in Older to ensure economic and safe design, yet in ordinary structures the following more simple 
yet sufficiently exact process may be adopted. 

Returning to the principles stated at starting, we see that if we insert in equations [1] and [!▲] 
the limiting value of p' =: f, and for p its value in terms of the height of the wall, we obtain an 
expression for A, which may be here termed the limiting height, depending on q and toj . Using a 

notation as before we have jp' = f, and neglecting Y in equation [2^ we get p = 



equation [1], 



and by equation [lAj^ 



A = 



nf 



ic, (1 + 6^') 



,when<7^^; 



-— ; then, by 



w 



'^-^-^^^^,^^^>i^ 



[4a] 



Applying the above formulie to the example of rectangular profiles, and takine ordinary 
values for r and to, , corresponding to ashlar and rubble, we find for tne values of q, already selected 
in l^ble A, the followine limiting heights } — 

In the case selected the value of n is 1 ; but for other fonns of profile the heights will increase in 
the ratio of n to unity ; for instance, for triangular profiles, the he^^hts will be double, and for trape- 

2 X 
loidal profiles, — r-. times thoae of the Tbble. 



« + « 



TablbB. 



Values of g 



> . . • 



^ 



i i 



T 1. X i. / 20,000 , , , „ 

In feet, for — = , or rubble walls. 



Uimting heights 



160 



106 



103 



Wi 



100 



96 



140 
91 



89i86 



83 



80 



75 72 68 



60140 30.15 



In feet, for^=^,or ashlar waUs 



Limiting heights 



424 283 



274 1 265 '254!242;235'228'220|212 



Il98ll9l'l77159ll06 79 1 40 1 

I ' I I 



An examination of the above Table shows that for wtdls of ordinary heights, so long as 9 is kept 
within certain limit^ there will be no danger of the maximum pressure exceeding the safe limits 
of the resistance of the materials of the wall, and therefore, keeping in view this principle, the true 
prc^xntions of a wall may be obtained from the ordinary equations for the moment of stability of 
structures round the assumed limiting position of the centre of resistance. 

The following is the general expression for the moment of statical stability of a structure acted 
upon by a force tending to overturn it, and is applicable to walls ; — 

Let M, be the moment of stability relatively to the limiting position of the centre of resistance in 
tho base ; W, the total weight of the structure ; j the angle the plane of the base makes with tlio 
horizon ; qx.od before, the deviation of the centre of resistance nom the middle of the base ; Y x 
the horizontal deviation of the vertical through the centre of gravity of the structur e fh>m the 
middle of the base ; (q ^q')x will therefore be the leverage by which the weight of the structure 
resists overthrow. Then 

M, = W, cofl.y(?±g')*; [5] 

or, since in uniform walls W, = -2 — , the equation becomes 

M» = -4— (S ± q') X. 
n 



[6] 



The above moment being eauated with the moment of the overturning thrust, leads to ordinary 
quadratic equations, from whidi the breadth of base of walls.of assured stability may be readily 
obtained, as employed further on. In determining the value of the fraction ^ to be adopted, we axe 
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gpided by the droumalaneeB of the ease. We find that in retaining TraUs actnally oonstnicted 
French engineers have on the average adopted ) and English engineers |. Also, we have seen 
that, to avoid the existence of any tension in the masonry, we must make 9 = ^ ; while instances 
may oooor where, through weakness of foundations, or from other causes, it is desirable that the 
pressure on the base shall be equally distributed over its surface, in which case q must be equal to 0. 
The values of the other factors of the expression will depend on the form of the profile selected, 
and on the physical character of the matenals used in the construction of the wall. 

With respect to the frictiofuU stability, we know that a wall resists sliding on a horizontal plane 
by an effect equal to its weight, plus the vertical component of the thrust at its back, multiplied by 
the coefficient of friction between its material and that of the plane on which it rests ; that is, if 
/o = the coefficient of friction, 

the resistance ofthe wall to sliding = (W| + y)/o; [7] 

and if H be the horizontal thrust = P oos. ^, 

/. Hj^(W, + V)/o, [8] 

from which e(^uation may be determined the thickness of a wall necessary to fulfil the condition of 
frictional stability. 

If we neglect Y in the above equation, and substitute values already obtained for W and H, 
we have 

«^— T-^. [9] 

The coefficient of friction fq varies; for masonry on rock or other courses of masonry, from *70 
to *75, and for masonry on earth foundations, from *30 to '35. The above formula takes no account 
of the cohesion of the mortar joints, which may amount to between 2000 and 3000 lbs. on the square 
foot. Taking cohesion into account, if c = the cohesion a unit of base, and allowing a fiaotor of 
safety of 10, we have 

*^ ^^^-7-- P^3 

If^ however, we ondt cohesion from the consideration, it may be expressed that a wall will not 

slip on a horizontal plane, provided that /q is greater than ^-- ^ ; and this condition is found to 

W| + V 

be fulfilled in every wall, which otherwise satisfies the conditions of staUe equilibrium. 

The proposition that == — r-rr= be not greater than /q is also expressed by the condition that the 

Wj + V 

tangent of the angle which the resultant B makes with the vertical shall be less than /q ; and this 

will be the case, for green masonry, when the angle made by the resultant is not greater than 36° ; 

and in any given profile, the less the value of 9, tne less will be the angle made by the resultant. 

Before the desig^n for a wall can be considered complete, the test of the above principle must be 
applied to it ; but if there should exist any doubt as to its frictional stability, it is easy to provide 
g^reater resistance by a constructive desigh, in which the plane of foundations and the bed-loints of 
the masonry have an inclination, or slope, downwards from front to rear of the wall ; or otherwise, 
by increasing the connection between the foundations and the courses of the masonry. 

Thrust of the iiaUriai retained may for the purposes of this article be confined to fluid and earth 
pressure. 

Fluid Pressure is exerted in all directions, equally and normal, to the planes retaining the fluid. 
It can arise only fiom the weight of the particles of the fluid over the point pressed, and is there- 
fore proportional to the number of molecules of fluid superimposed, and consequently to the depth 
of the point below the sur&ce. 

If A B in Fig. 6487 represent a plane retaining a fluid, the pressure at any point is shown by a 
line B C, perpendicular to A B, and of a length proportional to the 
height multiplied by the weight of the unit of volume of the fluid ; 
and if the triangle A B G be completed, its area represents the total ^^ 
pressure against the plane ; and its ordinates 60, Vc' the pressure at ^\-z^ 
the various points in it. 1- 

Hence the rule for fluid pressure is ; — ^Multiply the immersed area r 
of the plane by the depth of its centre of gravity below the sur£aM3e "^i 
and by the weight of the unit of volume of ihe fluid. This is ex- 
pressed algubraically by 

P = wArf, [11] ^ ^..^^ 

in which P is the normal pressure ; w the weight of the unit of volume 

of the fluid ; A the wetted area of the plane pressed ; d the depth of its centre of gravity measured 

Arom the surface. 

For water, w is equal to 62 4, therefore P = 62-4 A (/. 

And if ^ be the inclination of the plane to the vertical, A = ; therefore the general 

cos. p 

formula for water pressure in the unit of length is 

P = ^±^. [12] 

cos. jS 

Two cases only of water pressure need be considered here. 
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1. When the retaining plane reaches the surface of the water, as in the case of rawryoir walls, 
Fig. 6488. Here t' = o » *^^ therefore 

P=?^. [13] 

006. P 

And if H be the horizontal and Y thd vertical component of P, the 

H = Pco8./3 = 31«2V. [14] 

And V = P8in. /i = 31-2 A« tan. /i. [16] 

Or, simply the weight of the triangle of water vertically over the back of the wall. 

2. When the plane is submorged, as in the case of weirs, Fig. 6489. 

6iM. 
•488. 6488. 

1 






Here, d = h' + 



A-V 



— 5 — ; and A = ^ ; therefore 



F = 15-6 



00B.'i9 

A«- A" 



[iq 



coe. $ 

And H' = 31 -2 (A* - A"). [17] 

V = 31 -2 (A« - A'«) tan. 0, [18] 

If we take a backwater, of the height A", its effect, H" = 81 -2 A'", tends to stability. 

The i>rea8are of a fluid against the unit of surface of a plane, at an^ point, is 10 A ; and the wh<de 
pressure is represented by a triangle formed by a perpendicular of tms value and the height of the 
plane ; therefore if in Fig. 6490 we let B G have the value to A for water, and B D that for mud, the 
triangles A B 0, A B D, will respectively represent the pressure against the plane A B in distribution 
and amount for these substances. For a mixed pressure of semifluid mua and water, the level of 
the mud being at £, draw the line E F parallel to A D, and the pressure of the mixed substanoee 
will be represented in amount and distribution by the area A B £ F. 

Table G.~Watxb Pbbssubb aoainbt Onb Foot in Lbmgth of Ykbtioal Walls. 











(The Horizontal Force in lbs. = 


H = 31*2A».) 








Height 


HorisoDtal 


'Helf^t 


Horlsantil 


Height 


Horifontal 


Height 


Horiiontal 


Height 


Horiaontd 


ofwaU 


preflMire 


' of wall 


pmmie 


OfwaU 


preasnre 


OfwaU 


preasure 


OfwaU 


preanre 


in feet. 


in lbs. 


in feet 


In Ilia. 


in feet 


inlba. 


infceu 


Inlba. 


Initet 


inUM. 


1 


31*2 


31 


29983-2 


61 


116095-2 


91 


258367*2 


121 


456799-2 


2 


124 


•8 


. 82 


31948-8 


62 


119932*8 


92 


264076*8 


122 


464380 


3 


3 


280 


•8 


33 


83976-8 


63 


123832*8 


93 


269848-8 


123 


472024 


•8 


4 


499 


-2 


34 


36067-2 


64 


127795-2 


94 


275683*2 


124 


479731 


2 


5 


780 


•0 


35 


38220-0 


65 


131820*0 


95 


281580 


125 


487500 





6 


1123 


2 


36 


40435*2 


66 


185907*2 


96 


287539-2 


126 


495331 


2 


7 


1528 


•8 


37 


42712-8 


67 


140056-8 


97 


^93560-8 


127 


503224 


'8 


8 


1996 


•8 


38 


45052-8 


68 


144268-8 


98 


299644-8 


128 


511180- 


'8 


9 


2527 


2 


; 39 


47455-2 i 


69 


148543 i2 


99 


305791-2 


129 


519199 


2 


10 


3120 





41 


52447*2 


71 


157279*2 


101 


318271-8 


131 


535423 


2 


11 


3775 


2 


42 


55036-8 : 


72 


161740*8 


102 


324604*8 


132 


543628- 


8 


12 


4492 


•8 


43 


57688-8 


73 


166264-8 


103 


331000-8 


133 


551896- 


8 


13 


5272 


8 


44 


60403-2 


74 


170851*2 


104 


337459-2 


134 


560227 


2 


14 


6115 


2 1 


45 


63180 i 


75 


175500 


105 


343980*0 


135 


568620- 





15 


7020 


i 


46 


66019*2 


76 


1802H-2 


106 


350563*2 


136 


577075 


2 


16 


7987 


2 , 


47 


68920*8 


77 


184984-8 


107 


357208*8 


137 


585592- 


8 


17 


9016 


•8 i 


48 


71884-8 


78 


189820*8 


108 


363916-8 


138 


594272 


8 


18 


10108 


8 


49 


74911-2 


79 


194719*2 


109 


370687-2 


139 


602815- 


2 


19 


11263 


•2 


51 


81151*2 


81 


204703*2 


111 


884415*2 


142 


629116 


8 


21 


13759 


2 


52 


84364*8 


82 


209788-8 : 


112 


391372*8 


144 


646963 


•2 


22 


15100 


8 


53 


87640-8 


83 


214936-8 ' 


118 


398392-8 


146 


665059- 


2 


23 


16504 


8 


54^ 


90979-2 


84 


220147-2 


114 


405475-2 


148 


683404- 


8 


24 


17971- 


2 


55 


94380 


85 


225420-0 


115 


412620 


149 


692671 - 


2 


25 


19500 


i 


56 


97843-2 


86 


230755-2 


116 


419827*2 


150 


702000-0 


26 


21091' 


2 : 


57 


101368-8 ; 


87 


236152-8 


117 


427096-8 






27 


22744- 


8 


58 


104956-8 


88 


241612-8 


118 


434428-8 






28 


24460- 


8 1 


59 


108607*2 


89 


247135*2 


119 


441823-2 






29 


26239-2 
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Mule and Example.— To find the horizontal preBsure of water against 1 ft. in length of a loertioal 
wall 10 ft. high ? By Table, H = 3120 Iba. If the wall slopes fiP at back, for the vertical 
element V, multiply the tabular number by the tangent of angle of slope jS, and for the normal 
nressure N multiply the tabular number by the secant of the angle of slope 3. Example.— U back 
of above wall sloped forward 10° .-. V = 3120 x tan. 10° = 3120 x '176 = 549-1 lbs., and N = 
1320 X sec. 10° = 3120 X 1*015 = 3166-8 lbs. To find horizontal pressure against a wall 10*6 ft. 
hiirh. take that in the Table for 106 ft, and point off two decimal plac^ thus, pressure for 
IcI ft. = 350563*2 lbs., pressure for 10*6 ft = 3505*632 lbs., for 1* 06 ft. = 35 05632 lbs. 

'Yhid' JteasaxQ of sea-water, or mud in a semifluid state, may be obtained from equations [13] to 
nsr or from the Table, p. 2735, by multiplying the result for water by the specific gravity of the 
heavier material The speclfio gravity of sea-water is about 1 '026, and that of mud varies with its 
consistency and constitution. . - _^, . x ^ j i 

The Pressure of Earth.— The accurate determination of the pressure of earth agamst a fixed plane 
is as yet involved in obscurity; but the following theory based on the investigations of Prony 
and Coulomb, is that which accords most closely with experience, and offers the most philosophical 




AQOTY 

whiTe the assumptions made all tend to exaggerate the pressure to be provided for, and thus intro- 
duce an element of safety. The results of the deductions regarding the thickness of walls to 
xesiat the pressure found by our formula also fairly agree with the results of experience. 

It is assumed that the earth is loose, and of uniform density ; that the effect of cohesion is 
neglected ; that there is no friction between the earth and the resisting plane. It is observed that 
where loose earth is 'filled in behind a fixed plane, the resistance of the plane retains the mass, but 
that when the plane is removed the particles of the earth slip or roll amongst each other, till the 
vertical ttirough the centre of gravity of each particle makes with the perpendicular to a certain 
plane in the mass, an angle equal to the angle of repose, or limiting angle of friction. This angle 
u that which the plane called the natural slope makes with the horizontal, and its tangent is equal 

to the coeflBcient of friction. . . • ,. .™.. ., . , * *» « 

Let A B, Fig. 6491, be a plane retaining a bank of earth. When it is removed a mass ABO 
will slip down. B C is the natural slope, and ^49^^ 

the angle of Te^poae. 

If we conceive the whole mass solidified there 
would be no pressure, as the component of gravity 
down the plane is in equilibrium with the friction 
between the mass and the plane B 0. We must 
therefore consider the pressure to be produced by 
some smaller mass, sucn as A B C slipping down 
some other plane, making a greater angle, e+E=i 
with the horizontal. 

The horizontal pressure of any mass resting on 
a plane making an angle t, is obtained by resolving 
the forces pr<3uced oy the weight of the mass 
A B C = W, and the horizontal resistance = H, 
in directions parallel and perpendicular to the j 
plane B C. 

Resolving W and H in directions along, and 
perpendicul^ to, the plane, and observing that 

they act in opposite directions, we have g e representing the force down the plane = W sin. 1^ and 

hf representing the force up the plane = H cos. t. 

The motion down the plane is opposed by the force (W cos. t + H sin. tan. 0, which is the 
amount of the friction developed by the normal components of H and W. 

Whence, as there is supppsed equilibrium, W sin. 1 = H cos. t -f- (W cos. 1 + H sin. t ) tan. B, 
multiplying by cos. and arranging, H (cos. • cos. + sin. t sin. 0) = W (sin. t cos. — cos. t sin. 0\ 
therefore as (t — 9) = « we obtain 

H = W tan. e, [19] 

or if tr be the weight of the unit of mass (1 cab. ft.) of the earth, and A the area of the triangle 
A B C, the horizontal thrust is 

H = to A tan. (J. • [20] 

It can be shown by the principles of Maxima and Minima, that A tan. e will be a maximum, 
when the plane B C has such a position that the area of the triangle ABC formed between it 
and the plan A B, and that of a triangle B C Y, formed by it and a perpendicular C Y, let fall 

from C on the plane of natural slope B C, are equal; or in symbols, when A = and 




(y Y O' Y' 

because B Y = - — , therefore A = ^-7 Substituting this value for A in equation [20] we have 

tan. e 2 tan. e 

another general expression for the horizontal thrust. 

The following geometrical construction, by Neville, see Fig. 6492, determines the position of 
the plane B C, wh^n A tan. « is a maximum. Let A B be the face of a bank, D C its surface, 
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B the plane of natural slope. Draw B E parallel to A 0, and O P at right angles to B 0. Cut- 
ting A B produced if neoewMry. On O P describe a semicircle O H P, and from P as centre and 
wiui P U as radius describe an arc cutting O P in I, and through I draw B C which is the plane 
of mftTimnni pressuTo SB rcquln^ making the triangles ABC aud B C Y, Fig. 6491, equid. 
The value of tan. e is 



tan. « = V tan.* (6^7) + tan. (<^ + e) tan. (^ =F 7) - tan. (fi ^ 7), [22] 
or, in a form more suitable for logarithms, 

/ . / Rin ^<tfk u. « u. x^ \ 

[22a] 



t«i. . = tan. (« T 7) f 1 - v/4!^^^tl+« ) . 
^ ''^ \ sin.8co6.(^ + 0/ 



The sign — or + being used according as the 
Burfaoe A C is over or under the horizontal. 

The value of Y ma}[ readily be obtained by \ 
the construction, or from its trigonometrio equiva- 
lent, 

c^=ryi '^:^*,tltV.^.' ' [28] 
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sin. (2 ^ + + S) 
The value of A is 

A B* sin. ^ sin. (^ + * + «) 



K 



[24] 



^ 






2 sin. (2 ^ + + 8) 
and substituting these values of A and G Y, we get 



„ _ w A B« sin. ^ sin. (^ +tf+«) . w Y* w A B« sin.* (4»+<.+8) . sin.*^ _„^^ 

H=wAtan.e= — 5— ' . .» ^1 . >x **"^ ^ = — 5—= — 5 • wo ^ T ■ >x [25] 

2 sm. (2 ^ + « + 5) 2 2 sin.* (2 ^ + e + 5) '• -* 

The two following cases are of most frequent occurrence ; — 

I. When the surface of the bank thpez up a t the angle of repose, that is to say, when the wall Is 

Indefinitely surcharged, Fig. 6493. Here C Y = A B sin. ^, therefore 



H = to --— sin.* ^. 



When the bade \a vertical, A B = A, therefore 



H = ^^\^'\. 



[26] 



[27] 
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n. When the surface of the bank is Aoruonfa/, Fig. 6494, C Y = A B ^ f ."^' f . therefore 



H = 



10 A B* COS.* /3 sin.* e 



sin. (9 + ' 



[28] 



2 sin.* (0 + 

When the back is vertical, AB = A, and Y = A = A tan. 0, and = ^, therefore 

•[29] 



2 2 



The following Table of ooeffldents of w A' will shorten the calculation of the horizontal thrust 
of earthen banks against walls, in the two cases given above, for some of the usual batters, and for 
natural slopes of from 27^ to 48^. It also shows at a glance how the pre^^sure varies with the batter 
and angle of repose, and also with the slope of the surface. 

RiUea and Examples, — To find the horizontal pressure, acting at one-third the height, against 
1 ft in length of a retaining wall. Multiply the weight of a cubic foot of the earth by the square 
of the height of the wall and by the tabular coefficient for the proper inclination of the surface, 
angle of repose of the earth, and batter of back of wall. 

Example 1. — ^Horizontal pressure of a bank of earth with horigontal surface against a wall 10 ft 
high ; weight of cubic foot earth = 100 Ibe. ; angle of repose 40^. 

8 It 
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Table B. CoEFncniBiTS >ob Kabth Ttammvm Aauim Om Foot n Lbmoth of Btaeata amd 

Yebtioal Baokxd Walls, OBTAiinD waou Fobkolx 28 ahd 29. 



i 


L SmorAcs of Bamk Horbohtal. 


2. ScBFACB or Baitk Slopiko up at Anou of Rbfose. 


Slope of B«ck of Wall. 


Slope of Back of Wall. 


•s 


Orerhanging forwards. 


Plumb. 


Reclining. 


Overtianging forwards. 


Plumb. 


Reclining. 


to 

a 


14© 

or 

lln4. 


10° 

or 

line. 


or 
1 in 12. 


©o 


60 

or 

1 In 12. 


10° 

or 

line. 


140 

or 

lin4. 


14© 

or 
lin4. 


or 
line. 


60 

or 

lln 12. 


00 


6° 

or 

linl2. 


10° 

or 

line. 


140 

or 

lia4. 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 
41 
42 
43 
44 
45 
46 
48 


•289 
•280 
•270 
•261 
•252 
•243 
•230 
•226 
•218 
•210 
•203 
•196 
•189 
•182 
•176 
•169 
•163 
•156 
•150 
•145 
•134 


, 


252 

244 

236 

228 

220 

213 

204 

197 

190 

183 

174 

170 

164 

•157 

•151 

•146 

•139 

•135 

•129 

•124 

•113 




218 

212 

204 

194 

190 

183 

176 

169 

161 

156 

■149 

144 

139 

132 

127 

•123 

•117 

■110 

•107 

•103 

•092 


•188 
•180 
•173 
'167 
•160 
•153 
•147 
•141 
•135 
•130 
•124 
•119 
•114 
•108 
•104 
•099 
•094 
•090 
•085 
•081 
•073 




166 

157 

150 

145 

138 

132 

126 

122 

116 

110 

105 

101 

095 

091 

-086 

•082 

•078 

•073 

■069 

•066 

•059 


•141 
•133 
•129 
•124 
•117 
•111 
•106 
•101 
•095 
•090 
•087 
•083 
•077 
•074 
•069 
•066 
•062 
•057 
•054 
•061 
•045 


•125 
•120 
•114 
•108 
•103 
•097 
•092 
•087 
•082 
•078 
•073 
•069 
•065 
•061 
•058 
•054 
•051 
•047 
•044 
•041 
•036 


•504 
•499 
•495 
•490 
•485 
•480 
•474 
•468 
•462 
•456 
•449 
•438 
•436 
•428 
•421 
•413 
•405 
'398 
•390 
•381 
•864 


•471 
•466 
•461 
•455 
•449 
•448 
•437 
•430 
•423 
•416 
•409 
•402 
•894 
•387 
•379 
•371 
•363 
•354 
•346 
•337 
•320 


" 


433 
427 
421 
414 
407 
400 
393 
386 
378 
370 
862 
355 
341 
339 
-833 
■821 
•313 
■304 
•296 
•287 
•270 


■397 
•389 
•383 
•375 
•367 
•359 
•351 
•343 
•335 
•827 
•819 
•310 
•302 
•293 
•284 
•276 
•267 
•259 
•250 
•241 
•224 


■ 


362 
855 
841 
339 
830 
321 
313 
804 
296 
287 
278 
-270 
-261 
•252 
-243 
■234 
■226 
•217 
•208 
•200 
•183 


•329 
•320 
•311 
•303 
•294 
•285 
•276 
•267 
•258 
•249 
•240 
•231 
•222 
•213 
•205 
•195 
•187 
•178 
•170 
•162 
•145 


•302 
•293 
•284 
•275 
•265 
•256 
•247 
•240 
•228 
•219 
•210 
•201 
•192 
•183 
•174 
•166 
•157 
•152 
•141 
•130 
•117 



a. When back la verticai, P = wA* x coefficient = 100 x '108 = 1080 Iba. 

6. When back overhangs 10^, that is to Bay, batten out towaKlB the face lin6; P = wA*xco- 
efflcient = 10.000 x '157 = 1570 lbs. 

c. When back reclines l(P, that is to Bay, batten in towards the earth 1 in 6 ; P = to A' x coefficient 
= 10,000 X -074 = 740. 

Example 2. — ^Horizontal pressure of a bank of earth, turfaee sloping up at angle of repose. Bank 
of wall overhanging 10®. 

JO = 100. A = 10, e° = 40°, /8° = 10° .-. P = w A« X coefficient = 100 x 10* x -887 =2870 lbs. 

The Moment of the Pressure of Water or Earth tending to overturn walls is the horizontal com- 
ponent of the thrust multiplied by the vertical height of the point of application of its resultant 
over the centre of resistance of the base, and this is diminished by the vertical component multi- 
plied by the horizontal distance of the same point from the limiting position of the centre of 
resistance. The point of application of the resultant of the thrust against a plane is called the 
centre of pressure, and is situated where the normal through the centre of gravity of the ideal figure^ 
representing the pressure against the plane, cuts the plane. 

Let A be the total depth of the base below the sunace ; Aj the depth of the top of a submerged 
plane, such as a weir ; the vertical height of the centre of pressure over the base is, 

For planes reaching the surface, 

A 



For planes submerged. 






^ 2 A» - Aj» 

* = A — - 



[80] 



[31] 



8 A« - A,« 

The horizontal distance of the centre of pressure from the oentre of resistance of the base is 

r A 
y = x(i + q) — ^ , where r^ A is the batter of the back of the wall, and x and q as before. 

If then, P be the total thrust against the wall at back, and ^ the angle which its direction 
makes with the horizontal, the expression for the resulting moment is 



M = P (« COS. ^ — y sin. ^) ; 
or, if H and Y be the horizontal and vertical components of P, 



[32] 



[331 



The Shock of a Current is an overturning thrust that may sometimes, as in weirs, have to be 
taken into account, in addition to the hydrostatic pressure. The pressure of a current against a 
plane at right angles to its direction is proportional to the area of tne plane, and the height due to 
the velocity of the stream. 
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Let w he the density of the fluid ; a, the area of the plane (for the unit of length a heoomeo A) ; 
q the force of gravity in feet, seconds ; v the velocity of the current in feet, seconds. Then the 

theoretic force is ■ = . ■ For water this becomes for a unit of length, 

•969 Ac*. [34] 

According to Dnchemin's experiments, ibe actual force against thin planes, which may be 
taken as weira, in pounds a square foot, is 

F = l-8At«. [85] 

h 
As it acts at the centre of gravity of the plane, therefore, ' ^ k- ^^ momeni of this force, which 

must be added to the moment of the hydrostatic pressure, is therefore 



M. = ^ = l-9A«fj». 



[86] 



above formula— [35]~are as 


follows; — 


■■o— . - -- 


• -■ - - -o — ' 


_ . g. 












Tavlm F. 






Height 
WaU. 


VelociUeB of Carreot In Itet a seomd. 


1 


a 


8 


4 


6 


6 


1 


8 


feet 






Foroe (F) fn lbs. to the Unit of 8iiif«o& 






1 


1-8 


72 


10-8 


28-8 


45-0 


64-8 


88*2 


115-2 


10 


18 


72 


108 


288 


450 


648 


882 


1152 


20 


86 


144 


216 


576 


900 


1296 


1764 


2804 


80 


54 


216 


824 


864 


1850 


1944 


2646 


8456 


40 


72 


288 


432 


1152 


1800 


2592 


8528 


4608 


50 


90 


860 


540 


1440 


2250 


8140 


4410 


5760 



The Thickness of Wall is found for any point by equating the moment of stability of the wall 
over the point, as given in equations [51 and [6], with the moment of the overturning thrust, as 
obtained from equations [11] to [38]; that is to say, we make M' = M. Thus, for uniform walls 
imder ordinary earth or water pressure^ we have 



W, COS. ; (^r ± gO « = H jr - Vy. 



[87] 



This expression is simpUfled by confining the investigation to walls on horizontal bases, and 
neglecting the vertical component of the thrust Y, which introduces an element of safety ; also 

assuming that the profile of the wall remains uniform, in which case W| = - — , the equation 

fi 

between the statical resistance and the moment of the horizontal thrust becomes 

^(J±«') = H., [88] 

whence, for retainmg walls and dams, in which jr s -, we have the general equation for the breadth 

o 

of base as follows ; — 



W 



nVL 



8wi(g±?') 



[89] 



For other descriptions of thrust and values of «r, the same principle of equating the moments is 
to be adopted, and will lead to equations of a similar character ; but the investigations cannot be 
here carried out for want of space. 

The following are some of the applications of formula [89], which may be useful in piaotioe;^ 

1. Vertical rectangular sections. Fig. 6495, n = 1 ; 
^ = 0; 



0498. 



8tO|9 



[40] ^^ 



2. Beolining rhomboidal sections of uniform breadth, 

Fig. 6496. LetrAbethefiBcebatter,fiel,a' = ^: 

' 2» 



= \/-^+(i^y.^. [40A] 




8. Reclining curved sections of uniform breadth. Fig. 6497. Approxhnately n = 1, and 
2 rh 



r = 



8« 



W 



8 W| ^ 



(r A\« rh 
35/3^ 



[40b] 
8x2 
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In these two last oases, when tho centre of gravity of the section is over the inner angle of the 
hose, q' = il 

3 tr, (5- + J) •■ -• 

4. Trapezoidal sections, with a determinate face batter, Fig. 6498. Let t he the top breadth. 

x + 2t 



x-\-t 
n = -^:^ — » q 



2x 






x^V. 



x{x + t)' 



2H 



2rA« + <« 



3w, (<Z-^) 3 to-*) 
When a wall of this section is plumb faced, rh = 0; 



) 







^/ 2H~to,<« /t\t t 
2w,(5-i) + V2/"2 



649T. 



649& 



8499. 







5. Trapezoidal sections, with a determinate back batter, Fig. 6499. Let r' A be the back batter, 

fx^i 'r'h\ a? + 2 < 



x + t 



' =l-6--TJ 



«(x + 0' 



= v/. 



2H 



2r'A + <« 



3w,(g + i) 3to + i) 
When a wall of this section is plumb backed, r'h = 0; 



(|-6T^)'-6-6-?Tl)- C*<^3 



3«.,(? + i)"'"2 2 



[40O] 



TVarut/ormoftoii of Profiles.— IL&nkine points out that a portion of the outer face of a rectangular 
waII may be removed without in any way influencing the statical stability of the wall, provided 
that tlie vertiod let fall from the centre of gravity of the part taken away does not pass behind the 
centre of resistance of the wall base. Tliis produces a trapezoidal section, and therefore economy 
of design. 

In Fig. 6500, suppose the triangular portion C D E of a rectangular profile A B G D to be removed ; 
then, if ito centre of gravity g be vertically over O, the centre of resistonce of the base, the weight of 
the mass G D £ can have no influence on the stability of the wall, and we have a trapezoidal section 
AB D E of equal moment of stability, as regards the point O, with that of the rectangular section 
ABG D, and also of the same breadth of base. 

LetEA = <; OE = rA; DB = a?; then 





* = a? - 3 0? (} - 5) = (3 g - }) X, 


[«] 




rA = 3x(}-g) = x — *. 


[421 


Therefore for 


12 12 113 7 1 
^~6' 11' 5' 9' 4' 3' 8* 16* 2* 

.X xxxx5 21 
*""' 22' 10' 6' 4' 2' 8"^' 16'' "*"• 
21 953x35 
''* = *'» 22"^' To'' 6*^' i''' 2' 8*' 16^' 


• 



When q is less than * the rule is not applicable. 

Yauban's rule for the transformation of profiles is, that a rectangular profile may be converted 
into one of equal stability, but with a face batter, by making the ftioe line of the rectangle revolve 
no a horizontal axis at ^ the height of the wall. This rule holds good with an error less than y^ 
part, while the batter is not greater than ^ tho height and ^ part when the batter is greater. 

The Table for the thickness of retaining walls of various batters, given in Molesworth*s Pocket- 
Book of Engineering FormulsB, is based on the above rule, combined with equations [29] and [40] 
of this article. 
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OftloiiIationB should be baaed on oorrect data, obtained in each individual oaae by experiment, 
on the materials to be retained and used in the oonstniction ; but in oaae of preliminary oaloula* 
tions or provisional design the following Tables of data, taken from various aumorities, may piove 
useful. 

Tablb G. 



MftterUda of OomtrnoUon. 



Basalts and traps 

Bricks, red 

„ common .. .. 
„ stock (London) 
Brickwork, in cement , 

„ in new mortar .. 

» old 

„ ordinary , 

Cement, new , 

Flint masonry , 

Granites , 

Granite masonry , 

Limestones , 

Mortars, new .. .. , 

Sandstones < 

Slates ,, 



Specific Grayity. 



8 to 2-4 
216 
76 
84 
92 
87 



1 
1 
1 

1 

1 

1 

1 

2 
8-05 to 2 

2-75 
2-54 to 1 

1-9 

1-42 

2-67 to 1 

2-9 to 2 



52 
61 
61 
84 



25 

86 



88 
5 



Weight of a Coble 
Foot 



lbs. 
187 to 155 

185 

110 

115 

120 

117 
95 

100 

100 

148 
190 to 141 

172 
159 to 116 

119 

89 

168 to 88 

180 to 157 



Weight of a cubic foot of ashlar masonry is about |ths weight of a cubic foot of the stone + }th 
weight of a cubic foot of the mortar. Weight of a cubic foot of rubble masonry is from ftbs to 
frds weight of a cubic foot of the stone + ^th to ^rd weight of a cubic foot of mortar. 

Tablb H. 



lUteriala reUlned bj Wallf. 



Clay, dry .. .. 

„ wet .. .. 
Earth, common dry 

„ dense compact 
Eiffthy clay and sand 

Gravel 

Mould, garden 
Sand, diy fine 

„ damp .. •• 
Shingle, loose 
Water, fresh .. .. 

„ salt .. .. 



Specific GiAvttj. 



1-95 
2-17 
1-64 

l'5tol-7 
1-54 „ 1-95 

1-4 
1-87 to 1-55 
1-9 
2-2 
1-0 
1-027 



Weight of a 
GdUc Foot. 



AnglMofBepoae. 



Ibe. 
120 
185 
102 



97 to 106 

96 „ 120 

70 „ 90 

84 „ 97 

118 

139 

62-4 

6418 



80 to 40 
15 „ 20 

46 

55 

54 

87 
85 to 45 
84 „ 40 

• • 

89 





Tablb L — ^Wobkhto Loads, or Savb UiaTS of Pbbssubb adopted or bzisting Stbuctubbb. 



Soft rock foundations 

Concrete „ • » .« .. 

Earth „ 

Ashlar masonry, limestone, Britannia Bridge .. ; 

„ „ granite, Saltaah Bridge 

,, beckBd with rubble, Peniston viaduct 

Bubble masonry, sandstone in Aberthaw lime, Pont-y-Pridd 

„ limestone in chalk lime, Barentine viaduct .. 

„ in hydraulic lime, Almanza Dam 

n n Ban „ 

„ ,, Fnrens „ 

„ Toolsee „ 

Brickwork, London pavior's in cement^ Charing Cross Bridge . . 
„ Staffordshire blue brick m cement, Clifton Suspension 

Bridge 

„ red Birmingham in lias lime, Bailway Tiaduct 

Cement mortar 

Lime „ 



Tons OD the 
Square Foot 



9 
3 

u 

16 

10 

6 

201 

3* 

12*8 

7-8 

6 

8-9 to 6-9 

12 

10 

7 

20 to 82 



PODDds oo the 
Square LkIl 



140 

46 

20 
249 
156 

98 
821 

54 
199 
115 

93 

140 to 108 

187 

156 

109 

800 to 500 

40 „ 80 
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Fraetioai Design and Omstruetion. — The foundations of retaining walls should be partioularlj 
seoure, and espeoiallr so in walls with batterinc^ backs; because, as our theory points out, the 
Tertical component of the pressure of the material retained adds to the pressure of tlie slriictare on 
its base. 

In order to distribute the weight over a greater area, and also to bring the centre of the base 
more nearly to coincide with the centre of resistance, the masonry in the foundations is usually 
arranged as steps ; the width inoreatiing by a series of ofEsets. In all cases where the ground is son 
or treacherous, care must be taken that the greatest intensity of the pressure shall not exceed the 
power of the strata to resist compression or displacement. In such situations the maximum of 
statical stability will be gained by using light materials, such as brickwork ; or by adopting a form 
of hollow walls, as used by Eennie at Sheemees, and by making q, in the formula, as small as possible. 
The centre of resistance of a wall under water-pressure may be made to coincide with the centre 
of figure of the base by making the profile that of an isosceles triangle whose base angles are 35)^, 
the breadth ot base of such wall will be 1*414 times the height of walL Unless the coefficient of 
friction exceeds 0* 25, the weight of a cube foot of the masonry of a dam of this section must exceed 
145 IbSn otherwise the wall may slide forward. 

When the frictional stabilitv is doubtful, the foundation bed must be exeavated so as to incline 
from front to rear of the widl, thus placing the structure as it were on an inclined plane, up which 
it must be foroed by the pressure from behind. At the same time every possible expedient should 
be adopted to drain and thus render solid the s trata both in front and rear of the masonry ; while^ 
when the g^und is obviously insecure, piling must be resorted to, the piles being driven with a 
rake or batter, so as to be perpendicular to the plane of the bed^of the foundations ; or, rodan-shaped 
exoavations may be formed in the bed so that the masonry may'key itself therein. 

The wall on the Birmingham, Bristol, and Thames Junction Railway, 150 ft of which moved 
bodily forward 10 ft, the wall still stanoing, is an instance of failure trom insufficient frictional 
stability; Yignoles considered the exciting cause to be an unexpected accumulation of water at the 
rear of the wall. Huntsbank wall on the river Irwell, Which was foroed into the wat^, is another 
instance. This wall was built of ashlar, and waa 20 ft high, 3) fit thick at top, and 5 a thick at 
bottom, with ooanterforts. 

Form o/Pro/S^.— Walls are built of numerous forms of profile or otobb toction, varying from the 
rectangular to the triangular. A triangle is that figure which is tiieoretieally the most economical ; 
and the nearer that practical conditions will allow of its being conformed to the better. 

All other things oeing equal, the greater the frtoe batter, the greater will be the stability of the 
wall ; but considerations connected with the functions of the wall limit the full application of this 
condition, and walls are usually constructed with only a moderate batter on the face, the diminution 
towards the top being obtained by a back batter worked out in a series of offsets or steps in the 
maaonr^. 

Wei» generally batter very little on the face, in order that the water may spill clear of the 
masonry, out of the joints of which it would be likely to wash the mortar. A very laige &ce batter 
promotes the action of frost on the pointing, and also &cilitates the growth of vegetation in the 
loints, which is often highly injurious. The filling at the back rests on the steps forming the back 
batter, thus adding to the stability of the wall ; and if dry rubble be hand^packed over these o£Esets^ 
the stability will be very nearly as great as if the wall were built up plumb at back of solid masonry, 
in brick walls these offsets are usually reckoned in half bricks. 

A common practical rule for the form of wing wall of bridges at the back is to carry up the 
base thickness for one-third the height, and thence diminish off to the top breadth bv offsets. 

Onrved forms of profile are often adopted in brick walls, and especially in wails for dock and 
harbour work, where practicdllv the curved batter suits the shape of vessels lying alongside the 
wbarfis, and it is considered to nave a superiority in throwing back the crests of waves striking sea- 
walla The effect of a curved profile, as in Fig. 6509, is to increase the statical stabilify of the wall 
by throwing back its centre of gravity, and this increase over a rhomboidal section with rectilineal 
letters is in the ratio of 4 to 8. A curved vail may possibly offer a slightiy greater resistance to 
bulging in its lower parts ; but, as Arthur Jacob has pointed out, it cannot act as an arch, having 
only one abutment ; and it has little in it to counterbalance the disadvantage of being a much more 
expensive from to construct. The radius usually adopted for the curved £Bce of a wall is three 
times the height of the wall. It will be found that if with this radius the centre of the curve be 
taken in the horizontal through the top of the wall, the batter of the chord of the arc wiU be very 
nearly one-sixth of the height. This good practical relation is probably the origin of the rule for 
the length of the radius. 

7%e Masonrif of Wa/^.— Where the foundations are reliable, the weightier the walls can be made 
the more stable they will be, so that for the masonry of well-founded walls, heavy stones, such 
as granite, basalt, and limestone will be preferable to brick, or the lighter stones. The action of 
destructive agencies, and the intensity of the pressure being greater towards the face of the wall, 
has led to the use of a superior class of masonry in this part, the ashlar, or block-in-course facing 
being backed with rubble, brick, or concrete, for the sake of economy ; but such combinations must 
be introduced with the greatest caution and skill, so that no unequal settlement, and consequent 
separation of the facing and baddng, sh^ be likely to occur. Long headers should be plentifully 
introduced, and the work should not be run up too rapidly. The superior class of masonry used in 
the facing should reach back into the wall to a sufficient distance, so tnat the intensity of the pressure 
on the masonry at the junction of the fadng and backing itay be well within the safe limit of 
resistance of the weaker materials. 

The use of concrete for the interior of walls under water-pressure is common because of the 
greater thickness of such walls, and because of the greater density and impermeability of well-made 
concrete. Care should be taken in settling the proportions of the materials of the concrete that the 
lime shall fully occupy all the interstices of the shingle, sand, or metal used, and that it shall 
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poeaees superior hydraulic properties if it is not actually a cement. The materials for the concrete 
should not be too large, and it is believed that sand or a very fine gravel would produce a more 
dense and reliable concrete than larger stuff. It is, however, very doubtful whether good uncoursed 
rubble masonry, in which the stones are properly selected and fitted and carefully laid flush in 
mortar by skilled workmen, would not be superior to concrete on the grounds of both solidity and 
compactness, and such masonry has been adopted in the largest masonry dams yet constructed, vjid 
with the greatest success. The masonry in the backs of weirs and dams for a few feet above and 
below the range of the water-line should be of sunerior character, and the same may be said of the 
fBnoee of wharf walls, as such parts may be exposed to the shock of .waves or floating bodies. 

The copings of all retaining walls should be of good heavy and large stones laid as headers, 
which may for wharf walls be cramped, keyed, or dowelled together. In weirs, beside the above 
precaution, the joints should be very dose, and the crest stones should be set with a counter-slope 
to the direction of the current, the inner edge being rounded off to ^ semiciroular form, which will 
facilitate the discharge of the water over the crest, and render the stones less liable to displace- 
ment. In brick walling the use of English bond is recommended, and half-bricks may be used i&a 
every alternate header, so as to increase the bond in the interior of the wall. In brick walls the 
pointing should be very carefully attended to^ so as to resist the action of froet, and especially so 
m walls with a batter on the fiftce. 

Deans and Weirs, — ^These structures require special care in founding equally with other retalniuff 
walls. Water must be effectually excluded from their bases, so as to prevent waste of water, and 
preclude all danger of their being blown up and forced forward. The foundations of dams are 
sometimes connected with the rook on which they res* by large stones let^ as dowels, into the rock 
and projecting up into the wall, or by redan-shaped hollows, excavated in the rock into which the 
masonry of the wall is, as it were, rooted and keyed. Through courses of masonry in dams are to 
be avoided as forming planes along which leaks are liable to establifJi themselves ; and for this 
reason the large French dams have been built of uncoursed rubble, the finest stones being reserved 
for the facing. Dams and walls of reservoirs are often deprived of the water pressure at their 
backs, and it is therefore necessary to examine their stability under the influence of their weight 
alone, so that the maximum intensity of the pressure at the inner edge shall not exceed safe 
limits. 

Fig. 6501 gives the profile of a large dam across a river near Poena, in the Bombay Presidency. 
It is oesigned by Fife to impound the river-water for irrigation and water-supply purposes. 

The masonry, which is rubble stone set in mortar, made from a lime which is somewhat hydrauMo, 
weighs about 150 lbs. a cubic foot The stone is blue basalt, of a specific gravity of about 2*8 or 
2*9. Part of this dam is used as a weir. The value of q for this structure is a little greater than 
one-fourth. 

6fi02. 
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Fig. 6502 is the section of a dam at Toolsee, forming a lake for the water-supply of Bombay. 

It is designed by W. J. M. Rankine, and is built of heavy basalt rubble masonry, the lower 
portions of the wall being set in a mortar of mixed lime and Portland cement, the rest in a mortar 
from the ordinary Kunker lime of Salsette. For other sections of dams, see Figs. 2247 to 2255. 

Barbour, Hiver, Dock^ and Sea Wails are subject to the possibility of an infiltration of water 
behind the masonry, while the water in front has been witndrawn, and the walls must be made 
strong enough to resist water pressure. Provision must often be made for the contingency of the 
ersction of sheds for merohanoise, or even warehouses, and for the storage of heavy goods, during 
transhipment, on the ground behind dock and wharf walls. 

Fig. 6503 is the section of the quay wall at the Dublin graving docks, by Halpin. The wall is 
Ihoed and coped with granite ashlars. Counterforts, 4 ft. 6 in. by 7 ft. broad, are placed at a distance 
of 22 ft. from centre to centre. A puddle wall is placed along the back of the work. 

Fig. 6504 is a section of the Hartlepool docks harbour wall, designed by John Rennio. Ashlar 
facing of stone, 2 to 3 ft long and 15 in. high, is used. Counterforts, 4 ft by 4 ft. broad, are at 
17 ft. distance from centre to centre. The wall is backed with puddle. 

Fig. 6505 is the section designed for the sea wall at Bombay, and used in the Wellington 
pier-works in that harbour. The wall is built of basalt rubble laid in ordinary lime and Aden 
pumice mortar, and faced with large stones, 2 to 3 ft. long and 12 in. high, dressed about 6 in. on 
oeds and joints^ There are no counterforts or puddle walls behind, and the foundations are con- 
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Fig. 6506 represeiiU a wall at the Snnderlatid dooka. 

The rirar wall of the Briakil docka, b; Bnmtecs, ia thown by Fig, 6507. It ooiuista of raasonir 
faoiug, with B coro of oonciete. The rubble iB of utanea 12 in. □□ bed and 4 Is. lb thiekoeBa, with 
throngh stones at iatorvab. The wall is 109 yds. long. 

Fig, G50S la the river wall at the GraDgemaiithbaTboiir, by John HaeneilL It hu » ettrred 
faoo. and the oounterforta are 5 fL liroad and •Zi ft. apart from centre to centrp. The wall i« foimded 
on, aod backed with, concrete. The following ig an extract from the speoiflcationa of the work,- — 

" The footings to be in large sizes, tha atones not lass than from 4to5ft.bTSto3ft, and 12 in. 
thiok, of good toogh qnality, squared and fair-worked breaJring joint with each other, 

"The wall to Tie carried up in oourses rarying from 12 to 15 in. in thickness, and the siiei to 
be about 3 ft 2 in. by 2 ft. for headers, and 3 ft by 1 ft. G in. for stretchers, and to be Ifttd two 
stretchers to one header, and properly bonded together. 

" The whole of the outer stone to be carefully selected as to quality, nnd to be laid on its natural 
or quarry bed, the upper and lower bed of eviry stone to carry ils full thickness tmta fVont to bank, 
BO that the bcakrins aboTe and below may be perfectly square and level throughout; no pinning In 
levelUug will be allowDd ; each stone to be brought firmly to its bed by a wooden mallet. Tlia top 
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oonne of stone to irall fonoing the cmb, to be of good nhinstone, and to be 12 in. thick, in latge 
■izea, and rounded on the edge, and to be placed ronnd the whole width of wall, end wull jogi^ed 
together. All masonrr to be worked with chisel dnifta round their faces, beds, joints, and backs, 
and to be pirkal between tlie drafts, bo that upon applying a nUoi npon the lace no part shall be 
above them, and no more ^pace tliau ^ in. below them ; the outside faoe beutg worked with exact 
regularitj and neatnesa. The whole of the atimework is to bo laid thronghont on a thick bod of 
mortar of the following deeoriplion ; — 1 meaiure of good Btona lime, 1 measoie of pozzolane, 2 mea- 
niies of sharp clean sand free from rabbiah, dirt, and other impnritias." 

Fig. 6509 is the river wall at Chatham, an example of a brick wall with curved ontlines. The 
oounterforts are square and are t S ft. apart. 

Fig. GalO is the wall of the pier bead, buQt bj the Board of Works, at Eingstown, Dublin. 

The mueoDiy is of heav? granite blocks, and the wall is backed with band-eet rabble, laid 
without mortar. 




Fig. G511 is the section of the sen wall at Fenmeeu Hbdt, b; Bobert Stephenson. The faoins 
is of limestone ashlars, set in oemont, for 18 in. inwatds from the bee. This section was adopted 
aflel Mlnres. 

Sttaining Walla and Jievetmmti. — Wh^i springs oooui' behind or below the wall they must be 
carried away by piping or culverts, and thns got rid of. The masonry at the back of the wall 
abould be left as rough as possible, so as to increase thereby the Motion of the earth against it. 

Weepers, or rectangular holes about 2 in. wide, are left in the masonry, so as to permit the bee 
escape tA any water which may find its way to the back of the wall. In order to secure the more 
perfect action of these weepers it is usiud to place permeable materials, such as shivers and refuse 
stone, or other waste of the building, or even coaiee giuvel, in a vertical layer behind the walL 
This arrangement avoids the pamhility of water pressure at the back, and may, by the extra weight 
resting on the offsets at the rear, add to the stability of the wall. The angle of repose of the e&rth 
filling may be increased, and therefore the thruat reduced by packing it in counter-sloping Uyers of 
about 1 ft. in thickness. When tlic stuff at the back of a ^roll cannot be thoroughly drained, or 
when it partakes of the nature of mud. or quicksand, tlie wall must be designed to resist water 
pressure, or rather the pressuro of a fluid of the density of mud and water combined. An econo- 
mical method of relieving a wall of such pressure is to tip behind it a bank of sound material, 
extending as far back ns the end of the plane of mitnraj slope ; or to build a dry-stone bank 
between itie masouy and the treacherous materinl. 

The thifVnimj of B surcharged wall of vertical rectangular section is obluned tzom the IbUowing 
fbimnla; — 

Let A be the height of wall ; c the height of snrohaive ; z the thicknen of a similar wall to 
■nstain a horizontal topped bank of height h ; x" the thicknem of a similar wall (o sustun a bank 
with an indeflnitely long elope or iadefinite suroharge, as oalcnlated by equatloa [25]; then the 

thickness of required wall, i, = — ■ 

The section adopted for brick walls on the Loudon and Bitmingham Bailwaj is shown in 
Kg. 6512. The oouuterforts are ij ft. wide, and placed at intervale of 20 ft. Pilasters also break 
forward one-half a briek on the face. The earth at the back was rammed in hiyers of 1 ft., extend- 
ing to 6 ft. beckwards. These walls began to fail iu some instanees when the strata sloped down 
towatds the wall and were supported ns shown in the figure by dotted lines ; the upper struts 
being cast-iion ribe the Iow«r timber balks, extending to the walls on the oppoeite side of th« 
euttiug. 
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Vig. 651S U ths BeotioD of a rataining w&ll od the Dablin and Kingstown Bailway. 

Fig. 6514 is the aectioD of a dij-alone retuning wall, adopted ou aa Indian ghant rood. The 
stone is heavy basalt, carefnllj selected, end set with chip riming*. 

Aq example of a soichaiKed letaining wall is shown io Fig, 651G, The wall is used to support 
the £wM ot a cirtliiig mi the Dablin and EingstowQ ttailwaf . 



Fig. 6516 is the seetlon of ■ retimed wing 
wall, that is, a wfug ouried back into the em- 
baokmente in a line with the faoe of the bridge, 
on the Clydach Valley Bailway. A wing wall 
of this olaaa doea not receive the thnut of the 
whole prism of earth behind, owing to the near' 
liess of the opposite wall, and it ii also streairth- 
ened by the slope of the embankment which lies 
outside it. 

Fig. 6517 is the seotioa <^ an ordinary stone 
wing wall from an example of a bridge on the 
Great Southern and Wt^tem Bait way, Ireland. 

SFig. 651S is the section of a brick wing wall. A peculiarity noUoeable in this wall is the shelf 
laced behind to catoli the prGsemre of the earth. The counterfbits are 1' 9" broad, and are plsoed 
fl. 8 in. apart from cojitre to centre. 
Coimterforti are projcotioQB of the masonry of the back of the wall, occurrfng at intervals of fnim 
10 to 20 ft. They are aenerally reotangalar in pUn and elevation, bat they occadonally may be 
trapezoidal. Counterforts act by their weight in mcreadng the stability of walle, and as they may 
be oonsideced to l^ang on nt the beck, the bond at their junction with the wall must be eaiefuliy 
attended to, and long beaders. with houp iron in the upper courses, sliould bo used to bind them (o 
the wall. Pr.ivided this ia attondt-d to, tbe masonry of tlie counterfort itself may be of the moat 
economical cbaractcr. The security, therefore, of their foundations is a matter of secondary import- 
ance, as counterforts should be made lo depend for snpport chiefly on their cohesion to the wnll. 
Thia principle we see frequently oorried out in pracnce at the rear of tbe abulnents of railway 
bridges, wbere (he foundations of ooualerforts are placed almost on the sntfaoe of the ground 
noder tbe embaokments. In order that the moment ot the weight may have tbe greatest valuer 
conuterforts should not i«oeiTe any batter. 
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re eonsidflTeil to not kdrantageoiulj tn brekUnE up the preMiira of tbo 



Long thin eotmteilbria are eonsidflTeil to not kdrantageoiulj tn brekUnE up the pretm 
Mfth : uid Hope oonoBiTed that b wkII might become a mere ahell, eipoBBd to hudly koj 
if the earth were nippotted bj its frictiou againit the ddea of long, but thin ftnd A«qiMii^ 
fort*. The eitension of this principle is the iutroductioD of relieving uohea, de 

CounterfoilB ere especially useful for militar; vorks, where they limit ttie li 
projectilee to tboee pwiele of the wall actuaJl; Btnick. The BpMiDg of ooui 
detennined bjr the pnctioe (tf eiwiiiaen, irhiob nMkei it ftbost three timet the tli 
betweeu ; or, it maj be obtuned Inr aolTiiiK the equation for the itatdlitj of * 



. _je nipported bj its frictiou ogainit the eidea of long, but tiiiii and f^oeni eonhte^ 

foii*. The extension of this principle is the introduction of reliering atohea, deserilMd &riber on. 

CoimterforiB are especially naeful for militar; vorke, where they limit ttie deetraotive effect of 
e pwiele of the wall actually Btrack. The spMiDg of eounterfixta ii luaallT 

> of the wail 

--- . - , - , , ._ * eoimterfoTtad mil 

in temu of I> for an aHomed breadth <rf wall and given dinwniiont of ooonlccfbrti. 

Bondelet givei a mie for the dimensioni of oonnterforta that thej ihoold bare the aame langth 
cf Une c, an the breadth of the wall, aod their projection ahonld be twice thit dimensloti. In other 
words, c = Xi and i = 2 z,. The itahilit* of a oonnlerfortad wall ii calcnlated by taking the mra 
of the momenta of both the panelled and ue oonnterforted porbone of the wall tiHUid the reapeetifa 
limits of deviat ion of the reanltant ban theoaotreof the baoe. jnat a* in nniRxm walle, and dividing 
the mm by the length of wall. In Figs. 6S19, 6520, let L be the length of wall between the 
oonnterforta ; e the length of one countwfort along tiie line of the wall ; * the thiokneaa of the 
oonnterfort perpendiauJar to the faoe of the wall ; x, the thicbwH of the wall independenUy of 



thecountei 



w,ML3*' + e(* + «)-5(« + OJ = 



-<L + 



.=v/; 






The nnit of length is here I. 4 



when z i* the ttuckneae ol 




e tiers, the leogtb being regulated ao that the natural slope of the earth toaching the crown of 

the intradoa of the arches ■halfnot cat the back of the wall, over tbe eztradoa of the arches in the 
next tier below. Pig. 6521 represent! a aeotian of such wall with two ticra of arches. Fig. 6922 
shows the back view of same. 

To coniputu the Itnglb of the arches and cbunterforta, let d be the depth of the cronn of the 
arch below the surface, A, its clear height, t the angle of repoae of tbo earth ; then, approximately, 
the Itmgth ia 



»■«(*,+ 



(H 



[45] 



• (1 + Bin. ey "■ ■' 

In soft gionnd the bases oT the oonnterfoits may be connected by Inverted arcliea. 

Buttrmsi dlflbr from oonntciforti in that they arc proJeetiMU placed in &OBt of the wall, and 
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BOt b; iDoieeafiig the IsreiBge of the irall. The wliole-miui tends to turn over the oater edge of 
the buttrcMaa ; therefore the inteiuitj of the preesuru throughout their Bubatanoe is very great; 
Hud consequently Iheir fouiidationa should be made very aecnre, and Khonld present ai well Uio 
grealast pmsible reaulaDce to compresaibility. The foundation beds, as viell aa Uie coonrng plane*, 
should be at rigbt angJea to the resultant pressure. The masonrj should be of Uie besl description, 
and the fomi should be triangular, the band at the juuction with the wall being wait seoored. 

Kuttresses are more ecouomicol than counterforts, but they cfUk only be u^ where there is » 
free space in front of the wall, sud where the question of ape^at or value of land presents no 
difdoulty. They are also inapplicable iu qoay and riier walla, where face piojeclions would be 
'-nt and dangerous to veswls. 



The stabUity of a bottreased wall is thus calculated ;-~Let L, Fin. 6S2i, 65£5, be the lengtfa of 
vfbU between bnttteeaeB ; o the length of buttress along its face ; t its thidmess or projectioD &oia 
the &oe; z, the thioknesa of wall. Then fbr aTertioal reotaugukr ■eoUon or wall, with triaugnlar 
buttreMee, if the miunent be taken round a deviation q i &om the centre of i, 

V^2H 1 + 6? ct ' 
■■ '•" 8w, 6 'l + c'' 

_ /TW(L+c) 6»'(L + c) ( a + 6q ( LT^ y 3+6_? L + o 
'"^3w,(l + 6?) (l + 6j)<i "^U+6ffV // ~l + 6, c '^"^ 

If the buttreiMa are placed dote together, the panel between may be fonned by an Heh of 
only a couple (^ feet in thicknees, and of nuall vemed sine. Betkining walla luve been m> 
ooustruoied on the Hetropulitan railways, Fig. 6fi23. 

Thn stability of such a structure, Figa. ^^^ 

6521, 6525, may be calculated by the same 
formula Eis that used for a buttressed wall 

without much error ; and if the weight of MU. 

the arch be neglected, the following simple 
formula may be used for reotangiuai but- 

tresMB- m^theqt = -^-(L + <0< 



Foi triangular bnttreeMS ; — 



..^/- 



If the weight of the arch is token Into 
aueoQDt, the tbrmubs [17] and [48] may be 
used without appreciable error. 

Land-tia and Slmti are of the natom 
or artifloial counterforts and buttresaea, and 
have been adopted as a supplementary 
measure to strengthtn walla which hare 
shown symptoms of failure. 

Land-ties act as aachoiB at the backs N3S. 

of walls, and conaist of iron bolte imssing 
through the mseuurr, and attacbea to the 
centre of preosure of lane iron plates im- 
bedded in the solid earth behina the wall, the pressure being distributed over the tiiM of the wall 
by broad washers. 

When intended entirely to resist the sliding of the wall, land-tiea are fastened at one-third the 
height of tbe wall ; but if the elidlof; ia to bo resisted equally by ties and the fonndationa, they 
•honld he placed at two-thirda the height above the base. Th»ii poaition is therefore indicated bjr 
the symptoms of failnre obaeived. 

The following represents the holding power of land-tiea ; — Let W be the weight of a ouino foot 
of the earth; S tlie angle of repooe,' <f, and d respectiTelj tbe depth of the upper and lower 
edges of tbe plate below the sumuM : B the holding power in pouniu a foot in breadth of plate, 

= W — - — ■ ' — ^1 and the position of the oeutre of pressure of the plates at which point the 

rods should be attached, is - ^j — ~ > measured from the sur&ce of the ground. 

StrvU, either of masonry or east iron, may be used to preveut a wall from coming forward. They 
may abut against a maas of mnaonry snnk in tlie ground in ftont of the wall, or if in onttings, 
against the opposite wall. Thoee strutting the foundations may take the fonn of inverted arehea. 
while the upper parts of the wall may be held apart by arched ribs of large cnnatnre, sprinnng 
at a point two-thiuls of the height from the base. The expediency oF adooting tbis nkethod of 
oildiog to the stability of a wall as a primary deeign, should be detc-mined by tha.ODrt of auoh 
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^fork considered in relatioii to the valae of the land a4J<>^^fi»* Hoekins proposed brick arches 
below and above, the npper strut arch haying an inverted arch over it to keep it down at the 
crown : and he shows in a paper read at the Institution of Civil Engineers that for a double line 
of railway of 4 ft 8| in. gauge, in 65-ft. cutting, the arrangement he proposed would save nearly 
one-third the cost. The principle of masonry arched struts was introiduced by A. J. Adie in the 
Oborley cutting, on the Bolton and Preston Railway, where, in a 60-ft. sand cutting, he used walls 
20 ft. high, one-fifth the height as breadth at base, a batter of 2 ft, and buttresses 2 f t 6 in^ with 
rubble strut' arches at 16} ft. intervals. Cast-iron arched struts braced at the crown were used to 
support the failing walls on the London and North- Western Bailway, and were adopted in the 
original construction of the retaining walls of the London Metropolitan Bailway where the line 
passes through deep open cuttings. 

See Dam. Harbour. Masonbt. 

Books on Retaining WalU ; — Moeeley's ' Mechanics of Engineering and Arohiteoture.' Weisbach's 
' Principles of Mechanics.' Mahon, ' Civil Engiueerin^,' bv Barlow. Bankine's ' Civil Engineering 
and Applieil Mechanics.' Bcheffler, * Traite de Stabilite des Constructions.' Murray's ' Treatise 
on the Stability of Betaining Walls.' KeviUe's paper in vol. 1 of ' Transactions C. E. Inst, Iroland.' 
Jacob (A.), * Practical Designing of Betaining Walls.' Dempsey's * Practical Bailway Engineer.' 
Professional papers of Indiaji Engineering— papers therein on Betaining Walls, by J. H. E. ^art, 
and others. 

BIVEBa Fb., BMkres; Geb., FlUsse; Ital., Ftwne; Span., Bios. 

Bivers are natural water-courses which drain the tracts of country through which they flow. 
Hence th«ir magnitude depends on the extent of the basin which they drain ; and the volume of 
water which they discharge at any given time varies with the amount of rainfall immediately pre- 
ceding that time. In this they differ from canals, which, being supplied with water chiefly by 
artificial means, preserve a nearly constant volume. Bivers differ from canals also in being of 
irregular section and varying inclination ; and as their course has been determined by the action of 
their own water constantly tending to a lower level under the influence of gravity, it presents a 
continual succession of sinuosities and other irregular features which do not exist in canals. More- 
over, as many of them discharge directly into the sea, they may be exposed to tidal influences in 
those portions which are in immediate proximity thereto. 

From an engineering point of view a river consists of two distinct portions, the upper, or river 
proper, and the lower, or tidal portion ; for the works required for the improvement and conserva- 
tion of each of these divisions are of a totally distinct character. In the river proper, these works 
consist chiefly of embankments for protecting the adjacent lands from floods, of piling, walling, and 
other means for protecting the banks from the corroding action of the stream, and of weirs thrown 
across the stream for the purpose of forming stretches of canal, with cuts and locks to connect the 
different reaches. In the tidal portion the works are of a more varied and extensive character, and 
consist in widening and deepening the bed, and in straightening the course of the river, in the 
removal of bars and shoals, and uie construction of walls to guide the tidal current, and in the 
formation of new cuts, ana the closing of subsidiary channels. We shall treat these divisions 
separately, and shall consider first the upper portion or river proper. Before any engineering work 
connected with rivers can be designed and the cost estim&ted, it is necessary to possess full and 
accurate data respecting the velocity and the discharge of the river in question, the lorm and nature 
of its bed and banks, its slope and width, with various other information bearing on the subject, 
especially that to be derived from tidal observations. These data can be acquired only by means 
of careful and minute surveys, soundings, probings, and borings, and an extended series of obser- 
vations on the influence of tides and floods. We shall therefore consider briefly these means of 
obtaining the necessary prelhuinary information before entering on the subject of the works them- 
selves, omitting, however, the details of tiiangulation and determining of base lines for the pur^tose 
of obtaining the plan of a river. These matters belong to surveying in general, and they will be 
more appropriately treated of in another place. 

In the tidal portion of a river the level of the water is constantly changing. If th's change of 
level were uniform and showed itself simultaneously tliroughout the whole of the tidal i>(>rtion, that 
is, if the level rose or fell to the same degree at every point at the same instant, a very limited 
series of observations would be sufficient to enable us to cktermine accurately the form, inclination, 
and character of the beii of a river, with other data necessary to the designing and executing of 
engineering works. Such, however, is far from being the case, and any estimates made on that 
assumption would be liable to serious error. When the level at the mouth of a river begins to rise 
in consequence of the returning tide„ it does not immediately influence the descending stream 
above; the latter continues for some time to descend with the same velocity as when the level at 
the mouth was at its lowest point, and this velocity is checked only gradually from tfie mouth 
upwards. The consequence is that near the mouth of the river the water becomes heaped up, 
being held above its natural level by the dynamic force of the descending stream. As this force is 
gradually overcome the elevated level ascends the river. But before it has reached a very con- 
siderable ditttance up the stream, tite tide again recedes from the mouth and the water there heaped 
up flows out to sea, thus producing a declivity in the opposite direction. In this way, in very large 
rivers, there may be several tides in the river at one time, as in the Amazon, for example.* But in 
the oomparutively small rivers of Europe, we diall hardly find the influence of more than one tide. 
If the above were the only disturbing agencies, we should still have some degree of regularity and 
uniformity that ivould enable us to determine from the ascertained influences at work in one river 
the character and extent of those in another. Other agencies, however, do exist, and they often 
exert a powerfullv disturbing influence. These are chiefly sudden widenings and contractions of 
the stream and abrupt turns, and the form and extent of the mouth which receives the tidal wave. 
As iio two rivers are alike in these respects, it is necessary to make in every case an extended series 
of observations in order to determine accurately the degree of tidal influence at any given point. 

As an illustration of the preceding romarics we give an example isom Stevenson. The observa- 
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tioDB made by him on the river Bee, between Flint and Chester, a distance of eleyen miles, shoir 
ooncloBively the existence of the ^evated level and the necessity for aoenxately ascertaining the 
form and position of the tidal Ihies. Via, 6526 shows the height of the tide at Flint, Connah's Qnay. 
and Chester at a given time. The fnU lines are those which were ascertained by observation ; 
the dotted lines indicate the probable direction when, for want of additional stations, they could 
not be certainly determined. 
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The tide, as will be seen from the figure, began to rise at Flint at 8 honrs 40 minntes; 
at 10 honra 15 minntes it had risen 12 ft. 8 in., and at that time had just appeared at Connah's 
Quay, the surface of the water at Flint being 5 ft. 4 in. above that at Connah's Quay. At 
11 hours 20 minutes the tide had risen 18 ft. 4 in. at Flint, and was one foot above the level of the 
water at Connah's Quay, and 7 ft 10 in. above that at Chester, where the tide had just begun to 
appear. Thus, while at low water there is a fall of 11 ft. from Chester to Flint, there was, 
at the time above mentioned, a faU of no less than 7 ft 10 in. on the surface of the water from 
Flint to Chester. At 12 honrs 10 minutes it was high water at Flint, and at that time there was 
a fall of 1 ft. 7 in. to Chester ; but the high water at Chester did not occur till one o'clock, by 
which time the water at Flint had fallen 2 ft. 2 in., and the fall on the surface of the water from 
Chester to Flint was 8 ft 1 in. Fig. 6527 shows the lines of ebb tide on the same day. It will be 
seen by referring to this figure that the water subsides gradually, and that the tidal lines anproach 
much more nearly to parallelism and horizontality than during flood tide. The upper Imes of 
these figures correspona with the tidal line when it is high water at Chester. 

These facts show the necessity of carefully observing the effects of the tide previous to under- 
taking soundings and borings in the tidal portion of a river. A simple and effective mode of 
conducting these observations is to erect at proper intervids throughout the portion to be surveyed 
a number of tide-gauges similar to that shown m Fig. 6528. These are merely l}-in. planks, from 
5 to 7 in. broad, and graduated to feet halves and quarters. A more minute division would only 
prove embarrassing to the observer, especially when the gauge is situate some distance from 
the bank. Considerable judgment is required to select proper stations for these gauges. Disturb- 
ing influences, such as enlargements and contractions of tne streams, bends, inequalities of bed^ 
and ezpoBuro to the action of the wind must be considered and the gauge placed so as to detect 
and correct them. In selecting a station, care should be taken to place the gauge in a conspicuous 
position, that is, with a bank, quay, wall, or other structure as a back-ground, so that the divisions 
may be clearly seen. Of course, the greater the number of stations, the more correct will the 
result of the observations bo ; but it is hanlly practicable to multiply them beyond a very limited 
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nnmber, by reaaon of the diffionlty of obtaining and superintending a large number of men to 
make the obe^Tationa, For it Ib evident that unleea the work 10 carefully performed and 
precautions taken to correct yariations of time among the numerous observers, the results must be 
erroneous. For this reason, it is better to have only a few well-selected stations, and to make the 
soundings during the ebb when, as the example quoted above shows, the lines are more nearly 
parallel. The observations should extend over a period of twelve hours at least, and they should 
be taken every ten minutes, and entered in a boot provided for that purpose. When a suiBcient 
number of observations have been made, it only remains to ascertain the relative levels of the 
gauges. This is an ordinary levelling operation, but it requires great care, and, to avoid error, 
2iomd be performed at least twice. 

We shall now show how these tide-gauges are made use of to correct the depths of the 
soundings. The datum line to which the depths are reduced is usually that of high water of Bn 
ordinary spring tide. Let D be the height of this line upon the gauge. Suppose now a sounding 
taken near the gauge, and let d be the depth of that sounding. If H be the hnifl^ht of the water 
upon the gauge at the time when the sounding is taken, the corrected or reduced depth 9 = d + 
(D — U). When H exceeds D, which may happen in the case of an eouinoctial tide, the formuka 
becomes 8 = d + (H — D). This formula gives true results for depths near the gauges, but 
might lead to considerable error in those at a distance from the gauge, in consequence of the tidal 
lines not being parallel to the line of high water. The obvious remedy for this is to increase the 
number of eauges ; but as we have already pointed out, there exist difficulties which render tiiis 
impracticable. The onlv moans of avoiding a liability to error in this respect is to take the 
soundings during the ebb when, as the above example shows, the tidal lines are most nearly 
parallel to high water. 

The method of taking the souncUngs is very simple, but it demands great care on the part of the 
operators, as slight errors of observation may occasion serious errozs in the protraction of the work. 
To perform the operation satisfactorily, a boat is requisite, manned by three men, two to row the boat, 
and the third to steer her straight aoroes by keeping two objects on the opposite bank in line. One 
observer is then free to take the soundings, ana the other to observe the angles for the purpose of 
fixing the positions and to register the soundings. When the depths do not exceed 10 ft., a light 
iron rod is preferable to a line to sound with; it should be gpraduated in the same way as the tide- 
gauge described above.. The soundings should be taken in straight lines across the river, the 
distance of the soundings apart as well as that of the lines of soundings, being determined by the 
degree of accuraov required. It is, however, in all cases desirable to take them more frequentlv 
in the low-water bed of the river than between that and the shore, as this gives the greatest navi- 
gable depths, shows the rise of the tide, and is required in the longitudinal section. Sextant 
observations are requisite to fix the positions of the lines of soundings. When the river is narrow* 
it will be sufficient to fix the extremities only ; but in broad estuaries, several observations will be 
required along each line. The mode of regiiBtering the observations and soundings in the fleldp 
book is as follows ; — 
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In the above register onlv one observation is recorded. It would be necessary, however, to take 
another at the oprosite bonk, at least ; but generally it would be desirable to take one at every 
four or five sounaings. In some cases, it is requisite to take an obaervatkm at every sounding. 
The fall from the datum line to the surface of the water is ascertained by the oidinary process Sf 
levelling. Fig. 6529 is the section of the river, as protracted from the above register. In order to 
reduce the soimdings to low water, and to determine the height of Hand-banks above the low-water 



liTw, B line dumld be taken Bt low wftter bIoiik tha middle of the low-wateT dunnel, thronglioiif 
the whole extent of the anrref . Thia ia done t>j roniog gentlj down the Btreum and taking th» 
Bonndinga at regolaT interrala In the maaaer described aboTe. The inteiralB ma; be determinad 
with aufflcient accuncj b; cotmtiiig the atiokea of the oan. 



One of the ntoet important preliniiaaTj obsartmtianB oonDccte't with the eieontion of lijrdiatilio 
engineering works is Uie determinatian of the oioss-sections of the bed of a river by boring or 

S robing. Far it ia b; this means that tha DBture of the bed is aacertained. In deepeoiDg a nver, 
)r eiamplo. it fumishca the data for detenuioing the line of the excttration, the most snitable 
means of executing the work, and the probable coat. And in fleeting a aite for a pier, or other 
engineering atruoture. barin<; ciiiutitutea the onl; aTailable tocoDB of uacerteining the form and 
oorapoaition of the ground which is to serre aa the foundation. 

The mode of earrjiog out borings of this nature ie vorj simple ; but it demanda the greatest 
care to avoid erroneous resulla. Aud it must be borne io mind that a slight error Committed in this 
operation ma; leud to very serious cun sequences. The m»Bt oooTenieut time for nmkiog tbe borings 
ia at low water. The plaices tit nl^icli tbe boriogs are to bo madaBiid tlie inti-rvals apirt aliould be 



Burve; is made aololj with refereuce to the improTement of Che navigatioo, seotions arp, in general, 
required only where forda or ehoala occur, qui] in auch case* one or more lines of soclion will be 
decided upon, acairdlng to tha extent of the ahoii]. In other caaps. where the biid ia irregular, and 
Tock ia found at interruls, either bare or oovercd with a few foi't of aand iind gravel, numerous 
sections will be oeoeBBary. The positions of the lines of section should he marked bj a atake, 
which stake should be placed with reference to the datom employed for the aoundinga, ao that the 
depths of the boriogs may ba referred to that datum. It will bo ueceseanr in all caaes to erect a 
tide-gauge previous to commencing boring operutioua to indicate any change of level that may 
occur while the work ia being carried on. 

A section of the bank from the atake to the edge of tha water ia flrat made in the nsnal way 
with the spirit level and rod. The borings are then biken at intervala of 10 ft. and upwajtla, 
according to the nature of the bed and the object of the inqniry. To enaure accuracy and uniformi^ 
in the intervals, some engineers atrelch a curd, graduated to tbe proper intervala, across the river, 
and sapport it upon rods driven into the bed of the river for that pnpose ; Uie section of the 
opposite bank from the water's edge to tha high-water line ia made in the same way as the first 
j>ortlon. 

The borings, or more strictly speaking, probings of tbe bed of the river are made with iron rods 
l}iu. in diameter and about Iti ft. in length. They should be steeled al the points, and graduated 
to feet, half-feet, and quarters with chisel marks. The mode of working tneae rods is to jttmp 
them into the bed of tha river from boats, unless the material to be bored tbrongh be loo bard to 
admit of this, In which <-Ase they are driven with a light hammer. Whoii a difficulty ia found in 
extricating them, a purchase may be applied from tlie side of tlie boat. 

The depths of the borings must be registered as they aro t;ikcn, and afternanls oorrected 
with respect to the datum. To ascertain tha depth of the boring, it is only necessary to deduct that 
of tlie water from the total length of rod immei^ied. Tbe following is the manner of keeping the 
field-book mually adopted, the iall from tha datum line h> low water being S ft. 9 in. ; — 
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^e borings in this oaae are npon the a&me line of aeotioii u the soundings In the kit &gnn. 
Pig. 6&30 u t£e aeotion as protraoted from the aboTe register. The ixjriags «ere continnad from 
the low-vater to the high-wiLtei line. 



The dischaive of a atreem Is usnally eatimated by the number of ouble feet of water that passes 
along its ohannel in a given time, as one second. To dolermine this qiiau lit/, it is neoossar; to asoer- 
tain the mean TSlodt; of the ■treaia, tho>disab»r^ being eonal to the pro-luct of the area of the 
aeotion b; the mean velocity. The area of the seotioo isfouDd by tbe souodingi; but it is esstntial 
to accoraoy when computing the dlacbaree, to select a section at a point in tlie etream where tha 
equable flow of the water is not disturbed by great irroguloriliea oF the bed, or by anusoal impedi- 
menta. The velocity of a stream la greateat at the surtsce and at that point in the Euiface wbich 
it situate over the greatest depth. It decreases gradually towarda the bed and the books iu con- 
■eqoence of the friction of the water npoo their Btufacee. When the section of a stream Is noiform, 
the mean velocity may be dedaced at oiico from the greatest velocity by a simple formula. In 
rivera, however, we never get a uniform section, and it becomes, therefore, neceeaary to flndjby 
direct eiperimeot, the greatest velocities at several points in the breadth of the stream. The 
aactlon obtained by the soundings shows the breadth divided into a number of equal lengths by 
the line* of sounding. We have, then, only to find the greatest or surface velocity In the middle 
of each or theae lengths, and to deduce from it the mean velocity in that portion of the stream 
which is enclosed by the two sounding lines. The area of Ibis portion mnltiplied by the moan 
velocity will give tbe discharge in tbat portion or compartment of tlie aectioD. The sum of the 
products of all these el emeotary areas by the elementary mean velocities, or the product of the total 
area of oroas-section by the mean velocity, aa a mean of all Ibe elementary velocities, will be 
approximatively the dischaive of tbe river. We say approsimatitrely, because it la impossible to 
obtsin a formula that shall give the mean velocity exactly under all circumsiauoes. In large 
rivers Ibe mean will be higher than in small streams, and there will always be looal disturbing 
influences, tbe action of which cannot be inolnded in Uke expression nf any general formnla. It u 
obviooa tbat the approximation will be in proportion to the unallnees ot tbe divisions or elementarj 
areas described above ■ but in practice it is seldom neoessary to determine the discharge with great 
predaion. It will generally be sufflcient. when the sonndinga are taken at amall intsrrals, to rni^e 
the area between three aonndings the elementary aiea, and to determine the velodt; at every 
aeoond sounding. 

Several mama are employed to detotmlne the surface velocity. Tbe most aimple is to note the 
time ot transit of floating bodies over known dbitsnces. For this purpose, very light bodies must 
be teleoted Bnt this method la liable to error, by reason of tbe irr^olarities and eddies of the 
eunent; caused by irregularities of the bed, and by the influence of the wind apon the float. There 
are also difflcnlties In employing this method on broad rivera whore tbe float c&iinot be observed 
tram the banha. A more trustworthy mouns of Eiscertaining the velocity Is the tachometer. This 



sated by the water. 

Instmment oan be used at any d^th. A still more aoonrate instrument is Pilot's tnbe as modified 
by Daicy. We have fully desoribed It in the article Hydraulics. Like the preceding. It may be 
used for any depth. 

When the nirfsce velocities have been sscertained, tbe next step is to reduce them to mean 
Telocitiea This is readily effected by means of the following rule, due to Dnboat ; — 

'• If nnity be taken from tbe square root of the surface velocity, expressed in inches a second, the 
aqoare of the remainder la the velodly at thebotlom, and the mean velocity Is half the snm of these 

ThoB, let a be the mataoe velocity, B the bottom velodty, and y the mean velocity, all In inches. 

Then fi = {.'^a — \y andT = ^— — . Benoe we have tbe (blktwlDg formnla for deducing tbe 

msea velodty direetly from that observed at the sortaee; y = *' — ■ 

By means of the tachometer, or Daroy's gauge, the maan velocity In eaoh of the divisions or 
partial areas of the section may be determined without the aid of formnln. To do this, it is only 
neeeaeory to measure the velodly at several points in the depth of the stream and to take the mean. 

When a closs spproximalion to ths true disoliorgs ia not deelred, tbe quantity may be found 
ftom formula, without reaorling to the actual measurements deaorilied above. By tliii method the 
mean velodtv is oompntcd from oertain measnied goantitiH c^ which It is a ftmotlcm. There a~ 
iwo olaHeaoiformnlispropowd the this purpoao. llioaeof o[~ ' «----' ^ ••- '"- 



}f one daM an baaed upon the suppoaitiom 
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of nniform motion, and thofle of the other class upon that of permanent motion. The former requires 
that the cross-Bection of the channel shall be invariable and the slope of the fluid surface constant 
In other ^vords, if we suppose the stream divided into straight filaments, parallel to the direction of 
its motion, the yelocity may vary for different filaments, out not at different points in the same 
filament. According to the theory of permanent motion, on the contrary, the cross-section and slope 
of the fluid surface may vary, but the discharge through the different cross-sections must be iden- 
tical ; that is, the stream is supposed to be divided into fllameuts parallel to the general direction 
of the motion, varying from point to point in diameter, and therefore in velocity, but unvarying in 
discharge 

Evidently the latter supposition is more in conformity with the actual condition of rivers, but 
the formulas which are based upon it differ from those for uniform motion only in containing an 
expression that takes into account the changes of vis viva caused by changes of cross-section. Con- 
sequently, if these variations of cross-section are unknown, the only distinctive terms between the 
two formulie disappear. As this is generally the case, formulsB for uniform motion are almost 
exclusively employed. Numerous formul» of this class have been proposed by eminent hydraulic 
engineers, and it must be confessed that the results obtained from them are conflicting. Some of 
(hem, however, give results pretty near the truth. Among these, the simplest and probably the 
most accurate, is that of Ohezy, and it is the one now gener ally adopted for large bodies of water in 

rapid motion. This formula is the following ; V = B V r s, in wliich V is the main velocity of 
the river in feet a second, r the hydraulic mean depth, s the sine of the slope, or the full of the 
water surface in one English foot, considering the channel straight and nearly uniform, and B a 
certain coefficient. 

The value of B as adopted by Ghezy is not known, as it is not found in any of his papers ; but 
several different values have been as&igned to it by subsequent engineers. Thus Young, for large 
streams, adopts 84 * 3, Ey telwein, 90 ' 4. ITAubuisson, for velocities over 2 ft., used 95 * 6. Leslie, for 
small streams, adopts 68, and for large streams 100. Beardmore uses 94*2. Neville, for straight, 
rapid rivers, with a velocity of 1*5 ft., adopts 92*8, and for greater velocities 93*8. Stevenson, for 
small streams, adopts 69, and for large streams 96. It will be seen from this that considerable 
diversity of opinion exists concerning the value to be assi^ed to B. The reason of this lies in the 
fcict that what is true for a perfecUy uniform channel, like that prepared for purposes of experi- 
ments, is not true for an irregular channel like the natural bed of a river ; and engmeers in trying 
to adapt the value of the coefficient found for the uniform channel to the requirements of a natural 
river, have been thrown bade upon their own experience. And as no uniformity exists among those 
numerous influences which affect the flow of a natural stream, none was to be expected in the con- 
clusions arrived at. "What, for instance, has been found to be true of the Mississippi, may be far 
from the truth in the case of such a river as the Thames. Hence the discrepancy shown in the 
values of B as determined by diilbrent authorities. A value, however, whicn will give a very 
closely approximative result when applied to the rivers of England, is 89. With this coefficient, the 

formula becomes 89 V r t, from which the discharge of the river may be easily- calculated. 

It may be necessary to remark that care should be taken when gauging a river iq a portion that 
is within the influence of the tide that no under- currents exist, as these would vitiate the results 
obtained from the mean velocity. The existence of under-currents may be ascertained by means of 
the instruments already described. 

The velocity of a stream is closely related to the stability of its channel. The wearing action of 
the current, against which it is one ot the chief objects of engineering works to protect the banks, is 
dependent on the velocity of the water and the nature of the matt-rials through which the channel 
passes. Some interesting experiments made by Dubuat show the relation existing between the 
velocity of the current and the stability of the channel, irom various substances. He found that the 
greatest velocities close to the bed consiutent with tlie stability of the following materials are— 

For Soft clay 0*25 foot a second. 

„ Fine sand 0*50 „ „ 

„ Coarse sand, and gravel as large as peas .. .. 0*70 „ „ 

„ Gravel as large as French beans 1*00 „ „ 

„ Gravel 1 in. in diameter 2*25 feet a second. 

„ Pebbles 1} in. in diameter 3*38 „ „ 

„ Heavy shingle 4*00 „ „ 

„ Softrock 4*60 „ 

„ Bock, various kinds of {and%wards. 

When the bed of a river is composed of such materials that the greatest velocity of the current at 
times of flood is insufficient to set them in motion, the channel is said to be in a permanently stable 
conditidn. If the materials are of such a nature that the cum-nt is sufficient to move them only 
wlien swollen by flood-waters, the condition of the channel is described as stable. And when the 
materials are unable to resist the force of the current at ordinary times, the condition of the channel, 
is unstable. Dubuat has shown that the bed of a river in an unstable condition presents a series 
of transverse ridges having a gentle slope on the up-stream side and a rapid slope on the down- 
stream side. The particles of matter, whether of clay or sand, are rolled up the gentle slope to the 
summit of the ridge, whence they fall into the next furrow. Here they remain until the removal of 
the whole of the preceding ridge leaves them again exposed. The motion of the particles produced 
in this way is much more rapid than we might suppose. Dubuat's experiiuents showed tnat with 
a velocity of 1 ft. a second sand travelled in the manner described above at the rate of about 19 ft 
in twenty-four hours. 

When the banks of a river are unstable, the course of the channel is continually undergoing 
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change. If we suppose the oonrse originally straight, it is evident that it cannot long remain so, 
for a very slight obstacle is sufficient to cause a deviation of the current, which is thus directed 
against the opposite bank. This bank being unstable, is gradually Bcooi)cd out at that point by 
the action of the current, and the earthy matter held in mechanical suspension by the water is gra- 
dually deposited in the stiller portion of the stream against the other bank. Thus, while one Mink 
becomes more concave, the other becomes more convex, and in this way a bend is established. On 
issuing from this bend, the current is directed against the opposite bank, and another bend is esta- 
blished in the contrary direction. This action is continually repeated down the stream, and is one 
of the causes of the sinuosity noticeable in the course of rivers. It is also evident that this sinuosity 
must go on increasing until stable ground is met with. 

There is also another influence to which we must call attention, namely, the constant tendency 
of a stream to widen its bed. Other things being equal, the sides of a water channel resist the 
action of the current less than the bottom. But independently of this action, the banks are exposed 
to that of atmospheric influences as well as to that of gravity ; hence they crumble and fall, whilst 
the same action of gravity pressing the materials that form the beil upon those lying beneath, 
increases the friction, and so renders their displacement more difficult. Moreover, the earthy 
matters that fall from the banks are swept awav by the current, leaving the gravelly | ortion to 
increase the stability of the bed. Thus the breadth of the bed of a river at any given point will, 
oomparativelv to its depth, be in proportion to the stability of the ground at that point. 

It must be borne in mind tnnt the sinuosities of a river alluded to above, by increasing 
the length of the channel upon the same absolute slope, diminish the relative slope and con- 
sequently the velocity of the current. The flow of the fluid mass being retarded, its breadth and 
height of surface will be increased, and hence may result inundations and injury to property. 
The diminished velocity also tends to establish equality between the force of the current and the 
resistance of the materials of which the bed is composed, and thus to promote stability. 

Intimately connected with the stability of a river's channel is tlie relation which exists between 
the velocity of its current and the weight of the particles of solid matter held in mechanical suspen- 
sion. It has been remarked that the earthy matter scooped out from the bank by the force of the 
current directed against it was deposited in other places where the velocity was less. Also tiie beds 
of rivers, except in parts where the velocity of the water is very great, are composed of particles 
which have been brought down by the stream. As this deposition of matter changes the configu- 
ration of a water channel, it is important to know how rapidly it may go on, and how long it may 
continue. This is, indeed, one of the questions which, at the outset, claim the attention of the 
engineer engaged in designing river improvements. The earthy materials brought down by tl^e 
water are obtained from two sources. The first of tliese is the banks of the river and of its feeders. 
The particles seized upon by the current are carried along until they are whirled into a part out of 
the force of the current or until they coi£ie to a part of the river in which the velocity is reduced, 
where they are deposited. The heavier portions will thus soon come to rest : the remainder, how- 
ever, may never be deposited in the river at all, as the velocity may. in no part be sufficiently 
reduced to allow the deposition to take place ; for the water never being charged to its maximum 
carrying capacity from this source alone, a considerable reduction of velocity is necessary to cause 
deposition. 

The second and chief source of sedimentary matter is the surface of the country drained by the 
river. The matters obtained from this source are brought down the streams by flood-waters, that is. 
by the surface water whicli finds its way into them. The quantity of sedimentary matter poured 
into a river from this source may be imagined when we consider the turbid character of surface 
water, especially after periods of drought. Thus, in times of flood the river may be charged fully 
up to its maximum capacity. Dupuit has demonstrated that the power of suspension is due to the 
fact that the different layers of water are actuated by different velocities, and thus exert different 
pressures upon different sides of the suspended atoms. Hence the greater the difference in the 
velocities of consecutive layers, the greater will be the power of suspension. Now it has been con* 
clusively proved by direct measurements that the change of velocity from layer to layer is, in hori- 
zontal planes, greatest near tlie banks and least near the thread of the current ; and in vertical 
planes parallel to the current, greatest near the bottom and burface, and least at a point about 0*3 
of the depth below the surface, where the absolute velocity has its greatest value. (Consequently, 
if the water be charg^ to its maximum capacity with sedimentary matter, the greatest amount will 
be found near the Ixinks and near the surface and bottom, and the least amount near the thread of 
the cm rent and near the layer 0*3 of the depth beneath the surface. If, on the contrary, the water 
be under-charged, the distribution of sediment will follow no law, and excepting the part near the 
iNittom where, by reason of the suspending power being much greater there than elsewhere, there 
will always be an accumulation of matter, the quantity at any point will be determined by the acci- 
dental circumstances of eddies and other interruptions to the flow. 

When a stream is charged with sediment to its maximum capacity, it is evident that the slightest 
reduction of its veJointy will cause deposition. Thus, a projection of the bank, a bend, the abutments 
of a bridge, or any similar impediment to the current, causes a diminution of velocity in that portion 
of the stream which is most heavily charged with sediment, and the space above the impediment, 
as far as its influence extends, silts up. An increase of breadth in the river channel reduces the 
velocity of the whole current, and the suspended matter is deposited over the whole bed ; thus the 
height of the bed becomes raised. But, as we have seen, the suspended matters are not equally 
distributed over the stream, and therefore they are not deposited equally over the bed. Hence are 
produced deviations and divisions of the current, shoals, and fire^uentlv inundations. 

This silting up of river channels is one of the chief questions claiming the attention of the 
engineer who proposes altering the channel in any way; and he should ascertain, previous! v to 
designing any work that will affect the flow of the current, the quantity of sedimentary matter held 
in suspension by the water, both when the river is in its normal and when it is in an abnozmal 
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oondition. so as to be able to determine beforehand the effect of rednoing the Telocity in any part 
of the stream. Whether or not the stream is charged to its maximum capacity will bo shown by 
the existence or the non-existence of the conditions we haye mentioned. A simple and trustworthy 
means of ascertaining the quantity of sediment in a stream is that employed by the engineers com- 
missioned by tlie American Government to survey the Mississippi. For these experiments three 
stations were selected, two near the banks, and one in the middle of the river. Samples of water 
were collected daily at surfuce, mid-dipth, and bottom. These tamples were secured in a small 
keg, heavily weiglited at the bottom and provided at each of its heads with a large valve, opening 
upward. These valves allowed a free passai^e to the water while the keg was sinking to the 
required depth, but preventetl its escape while being drawn up. When the keg reached the 
surface, the water contained in it was thoroughly stirred and a bottle filled from it. On returning 
to the office, 100 grammes of water were accurately measured from each of the samples, and eacli 
parcel separately preserved in a precipitating bottle. After receiving six days' contributioUH, these 
bottles were set aside for two weeks to settle. The gpreater part of the water, tlien perfectly clear, 
was removed by a siphon. The remainder, after* thorough shaking, was poured upon a double 
filter composed of two pieces of filtering paper of exactly equal weight. After becoming quite dry, 
the two papers were separated and playced — one containing nil the sediment of the 600 grammes of 
river-water, and the other perfectly pure — ^in opposite sides of a very delicate balance. The differ- 
ence of weight, which was, of course, the exact weight of the sediment, was then accurately ascer- 
tained. These elaborate experiments were oontino^ for fifty-two weeks, with the following mean 
results; — ^For the two outer positions, surface^ -291 gramme; mid-depth, '330 gramme; bottom, 
379 gramme. For the middle position, surface, -291 gramme; nud-depth, -365 gramme; bottom, 
-376 gramme. Total, 2 042 grammes of sediment in 600 grammes of water, or '34 per cent. These 
results show that the water of the Mississippi is never charged to its maximum capacity. The 
above method of ascertaining the quantity of matter in suspension may be readily appli^ to all 
rivers. It will be suihcient for practical purposes to take three stimples a day for two consecutive 
days when the river is at ordinary sommer level, and the same number for three consecutive daya 
when the river is in flood. 

We have now pointed out the several agencies which tend to produce defects in a river channel, 
and have described briefly their mode of action. Against these agencies the eugiueer has to con- 
tend ; and to contend successfully, he must acquire a complete and an intimate knowledge of their 
influence generally and under particular oonditiona Such knowledge can only be acquired by 
carei\il observation. The defecto which these agencies may produce assume several forms. The 
channel may have too sharp a bend, which is destructive of the stability of its banks and an obstacle 
to navigation. It may be too shallow in certain parts, in consequence of the wearing away of the 
6anks and the silting up of its bed. It may be too wide in places — a condition that may cause the 
last-mentioned defect, by reducing the velocity of the stream, and thereby favouring the silting up 
of the bed and the formation of shoals. It may even be too narrow in particular places, offering a 
high velocity at all times, and a tendency to flciod in rainy seasons; or its declivity may be too flat 
in consequence of its too circuitous course, or the existence of obstacles to the flow of the current, such 
as islands, shoals, weirs, illnde^iigned bridges, and similar obstructions. Before any alteration in 
the bed of a river is attempted, the effect of such an alteration upon the current, both above and 
below that point, muiit be carefully considered. If the engineer neglect this precaution, he may 
find that he has produced a greater evil than he undertook to remove. As an example of an 
Ill-considered measure, we may mention the case of the Robine, a canal running from the Aude to 
the Mediterranean through Narbonne, in France. The original constructors of this canal gave it a 
very circuitous course near this town for the purpose of increasing the depth by diminishing the 
velocity of the stream. Towards the end of the last century, tlie sinuosities being attributed to 
caprice, it was resolved to btraighten the channel to expedite the navigation. When the work was 
completed, the draught of water was found to be insufficient 

The object in all river improvements is to obtain a channel as near as practicable uniform in 
section, or gradually increasing from tlie source to the mouth, having sufficient capacity to carry 
off flood-water without overflowing, with a V(>locity that shall not endanger the stability of tho 
banks. Thus it will be seen that tiie engineering works for the improvement of the upper portion 
of a river will consist chieflv of excavutions to remove shoals and other obstructions, and to widen 
narrow parts, regulatin<; dykes to contract wide shallows, diversions of tho channel, and works for 
stopping useless branches. 

The work of exotvating the bed of a river for the purpose of deepening its channel consists mainly 
of dredging. This operation may be performed bv hand, by steam, or by mciins of the current 
itself. When performed by hand, an implement called a spoon is employed. It consists of a pole, 
having at one end an iron ring steeled on tlie forward edge, to which a leathern bag is attaciied. 
Tho end of the pole is held by a man, and the ring is hung by rope tackle capable ofl>eing wound 
up by means of a crab. The man who holds the pole directs the forward edge of the ring against 
tho bottom while tho spoon is being dragged along by the winding up of the rope. When tiie spoon 
arrives beneath the crab, it is hauled up and its contents emptied into a barge. In cases where the 
depth of the water does not exceed 6 ft., this system of dredeing may be employed with advantage, 
«s it is both effective and cheap, it having been asoerteined that the labour and oost of the opemtion 
are not much greater than in similar excavations on diy land. When, however, the depth is great, 
recourse must be had to the dredging machine. With a steam dredging machine, the cost of exca- 
yating is about the sitme as that of similar operations on dry land. A steam dredger of 16 horse- 
power will, under favourable circumstances, raise about 100 cub. yds. an hour. 

The most economical means of removing the materials of the bed of a river when they consist of 
mud, sand, or light gravel, is the employment of the current for that purpose. The operation is 
performed by means of a kind of movable dam, usually consisting of a framework covered with 
Doards attached to a boat. The boat is moored in the stream, and the dam loweied to within a few 



(nohea of thd botlom. The nter-my beiog tbus gieatlyacmtmcted, thsTelnoitjof the comnt over 
Uie bed ia pioportioDAtelr incRAsed, uid tbi* incressed Telocity irill acoat the bed to e. consldenible 
ileplh in a short time. From 30 to 70 cnb. jda. may be eifavated id this irey by one boat. Fi|;. 
6S31 ahowH one of these dredgen m tued on the Guunoc!, in wliich river it removed about GO cub. 



. of about 2}d. a yard. It niiut be borne in mind tiiat thia 

._ ... ^ „ tB only by diaplaoingthetDnti-'riataot the bpd, Iraving thorn free to be deposited 

elaewbete. It cannot therefore be applied vrhcre ». necessity exists tor the Tcmovij of the nuttriala 



When the bed ia oompoaed of rock, recourse mnat be hod to blasting. If the onrrent is low, it 
trill often bo advantageona to enclose such porta by temporary dams, aa is done in the case of 
foundatiuna, and to lay them dry. 

When the shaUonneas of a river is ransed by eioessive width, the defect laay be remedied by a 
regtiIutiDR: dyke or longitudinal embiinkment. These liykca mny be oonstructed either of dry atone 
or of wattled piles and griLvi.'L Wheu built of stone, they should have a i^lopc of about I to 1. The 
latter mode of construction is, however, the more usual. In this case tlie piles sboutd have a 
diamettr of not loss than onc-twcnticth of the length ; they ahould bo driven into the ground iu a 
double row to a depth eqoal to twice that of the water ; toe diatimce between the rows sbould be 
once and a half the depth oF the water, and the diatauce of the piles apart, longitudinally, should 
be equal to the depth of the weler. After being tied together tmnsTerEely, the rows of piles are 
wattloi with willow twi^n. and the space between filled up with graveL The varioua modes of 
executing the wattling will be described later. 

The cotistruction of dykee not only increases the depth by forcing the water to Sow through a 
narrower cbannel. bnt the velucity of tlie water being thereby jnoreased, the bed in scoured out 
until a anSoient depth ia rusvhed to eatabli^ equilibrium Wtweeii tho oiirreot and the loateTiala of 
which the bed is composed. Thia oonaequunce of erecting a djke must be carefully calculated 
t>eforebaDd, and the umount of coutreotioD duly apportioDi.3 to the results. It may be remarked 
here that the only certain means of permanently deepening the bed of a river Is the noii»truction of 
MDtinuoas longitudinal embaukments. Dykes built iu tlie same way as tbo>>e deseritied above are 
used tu stop up aide branches. In thia case, they are thrown aoroSB the upper end of the stream 
han bank to bonk. The effect of stopping up a brauch is to throw a larger body of water into the 
main channel, the streem in which will be both deepened and accelerated thereby. Thus the eon- 
•equencee will be the same as those produced by the longitudinal dyke, and they will have to be 
calculated in the same way. 

When the course of a river la so drcuitous that the Telocity of Ibe current ia not snfflolent to 
prevent deposits, the bed silts up and the channel beeomea too small to contain flood-water. Henoe 
result disnstrous iimndalions; and as each auccesaive overflow eatries away some of the bunk, the 
evil tends tu beoome worse. Moreover, aa the low velocity in one part olie>.ks the S<iw of the 
atrtam higher up, inundations niay reeolt in other placea. In auch c-ases, it may be deairablo to 
divert the Btreaoi into a new and stnizhter channtl. eioavati'd for it. Great caution la. hnwever, 
necessarv in utulertaking a work of tbia nature. We have ulrendy directed atteution to one of the 
effects <a a cut-off in the enao of the canal at Narbounu. More di^outrous effects than the one 
ri'fcrred lo taaj be produced by the diversion of a str»iin. It inuat be borne in mind that a cut-off 
bringa down tno water from nbove it with a greater vrliicity tlian it poescBEed in its former sinuius 
channel. This ia the object for which the cul-ofT was nude, and Uie immeilialt- > ffcct of the 
Increased velucity ia to reliuve thnt piirlion of tlie river whiih is aituato above it. But the water 
enters the loner portion of the rivi r with a greater velucity than when it loltowcd the more 
circuitous course; and consequently (he level in that portion is raised to a degree onrrespdnding 
to the doprcHsion in the uppir portion. Thus it wiH be aeon that the only effect of a cut-off ts 
to relievo one part of the rivet at the oipenae of another. Whether auch a rcmidy will be 
hentficial or otherwise will depend upon the nature and capacity of the channel below the eut-uS| 
aud these must lie oarefiilly asoertained and onnsidered bifore undertaking the diversion of the 
stream. When, however, snoh a remedy stems desirable, there are ccrtnln important points to bo 
kept in view in the execution of the work. A primary point is to make the new charmcl aa deep 
aa possible. We have shoun that the tendimoy of a river is to widen rather than to deepen ita 
oliounel, and this must be kept in view in excavating a cut-off. Another important onndition is to 
oounect the new ctumnel with the old by n curve of a considerable radins. Unless this condition 
be fulfilled, the stream will eitlier not enter at alt or if it enter, will not flow freelv in the new 
channd. ItisidsoanadvuitagQ to slightly curve tho new cliannel, for Ihe-curreut will then keep 
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constantly agRinat tho oonoave bank ; whereas, if the channel is straight. It will deviate from side 
to side, and thus tend to produce bends. The velocity, too, is somewhat checked by the curved 
channel, and this will generally be an advantage. The new channel must not be opened to receive 
the waters of tlie river until the down-stream end of the old one has been completely closed. For 
it has been found impracticable to divert the stream into the new channel unless this bo done, bv 
reason of tho imposaibility of throwing out the new cut to a depth inferior to that of the old channel. 
It is also necessary to clear the bed of tho new cut of all trees, reeds, or aquatic plants, as these 
impede the flow of the current and favour deposits. • 

The simplest and most eftVctive means of protecting the adjacent land from inundation in con- 
sequence of a river overflowing its banks, is to increase, artificially, tho height of the banks at those 
TOrts liable to overflow. This system of embanking rivers has been very extensively applied on the 
Continent and in America, and everywhere with the most complete success. Yet in England, not- 
withstanding the ravaging inundations which frequently occur, it is rarely resorted to. It may, 
howev 
floods 






inexpensive __ . :* av j. j a j * 

constructing these embankments differs but little in its main features from that adopted for 
embankments intended for other uses. Some of the details, however, reouire special mention ; and 
we cannot give a clearer description of these than is contained in the following extracts from the 
specifications of the embankments constructed On the Mitsiasippi, which specifications are sanc- 
tioned by the Stiito. , , . j. i. j v 

** The embankment ehall be graded 5 ft. wide on the top, except where otherwise directed by 
tho chief engineer, with side slopes of 6 to 1 on the river side, and 21 to 1 on the other side." 

Fig. 6532 shows the pro- 
file of the embnnkmeut con- ^ „ •^^ 
structed according to this 
specification. The dimen- 
sions were, however, con- 
sidered excessive by the f, 
engineers who conducted the 

survey of the river between *' 

the years 1850 and 1861, and 
in their report submitted to 
the Government in the latter 
year, thoy recommend that 
*^ the width at top shall be equal to the height, the outer slupe 3 to 1 and the inner slope 2 to 1.** 
This is more in accordance with the dimensions adopted in Europe. Fig. 6533 represents the profile 
as modified according to these recommendations. 

" The ground to bo occupied by the embankment must first be cleared of trees, stumps, roots, 
weeds, and all perishable matter, the trees and stumps being cut up by the roots, at least 1 ft. 
below the surface of the ground. The entire surface must then be thoroughly broken with a spade 
or plough, in order to form a bond with the earth deposited. Then a muck ditch must be cut, 6 ft. 
wide at top and 3 ft. at bottom, and 4 ft. deep ; all stumps and roots crossing it being carefully taken 
out and removed beyond the base of the embankment. The muck ditch must be cut 10 ft from the 
centre line of the embankment, great care being exercised not to displace any of the stakes of the 
centre line, on the side next the river, the earth from it being thrown entirely on that side of 
the ditoh next the river. As each section of a mile in length, is thus cleared, broken, and muck 
ditch cut, the contractor must notify the fact to the engineer in charge, when he will set stakes on 
each aide of the centre at the proper distance for the base of the embankment. ' As soon as the 
work is staked, the muck ditch must be filled in ngain with buckshot-earth or day, obtained from 
withont tiie base of the embankment, and the earth tramped in by horses or mules ridden rapidly 
back and forward oonstantJy while the earth is being put in ; at least one horse to every eight 
wheelbarrows being thus employed. This filling and tramping to be kept one mile in advance of 
the embankment. In cases where the chief constituent of the embanionent is sand or other 
porous material, the engineer may require a wall of buckshot or clay, 5 ft. thick, to be continued 
up from the muck ditch to the top of the embankment, the earth being trumped in by horses in the 
same manner as the muck ditch, as the enlbankment is built up on each side of it, the object being 
to obtain a stratum through the embankment impervious to water. 

*' When the ground is prepared in the manner sot forth above, the embankment will be com- 
menced, and it must be formed in uniform layers not exceeding 1 ft. in thickness ; a sufficient 
number of men being continually kept on the' embankment to spread the earth as it is wheeled or 
carted in. The slopes shall in every case be commenced full out to the stdc stakes, and carried 
regularly up as the embankment progresses. 

" All earth designed for embankment must be ndirely divested of roots and all other perishable 
matter. When the embankment has been raised 3 ft. the sides must be trimmed with slope-boards, 
and any irregularities appearing on the slopo mnet be corrected at once ; this trimming must steadily 
progress as the embankment increases in height. 

" The engineer mav, whenever he deems it necessary, require a double course of sheet piling, 
breaking joints, to bo driven at the centre or either side of the embankment, 5 ft. below tlie surface 
of tho ground, and extending up within 6 in. of grade. All piling must be driven in advance of the 
embankment, which shall be constructed ou both sides of the puing simultaneously. The ends of 
embankments shall be protected from flood by a double row of sheet-piling closely driven and 
securely braced, extending across the base and around each side, not less than 100 ft." 

The cost of excavating embankments in accordance with tho foregoing specifications is in the 
8tato of Miasissippi from 18 to 20 cents the cubic yard. 
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The Fienoh dykes on the Bhine. Fig. 6534, in that part of its oonTse lying between the Black 
Foiert and the YoageB moontainB, where the height is 7 ft, haye a width of 10 ft, the slope towards 
Ihe river being 2 to 1, and towards the land 1| to 1. When the height exceeds 7 ft., the width is 
inoreused by a banquette on earh i<ide. 

The dykes of the Bhine in Holland, Fig. 6535, when near the river bank and when used for the 
road, have a width of 20 ft. on tlie top when 16 ft. hi.<h, a slope of 3 to 1 on the river side, and a 
slope of 1| to 1 on the liuid side. The outer slope, when ezpoaed to running ice, is protected by a 
revetment of brick or fiuoines. When the dyke is not near the river bank and is not used as a road, 
the width is only 6} ft 

6S34. 
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The dykes on the Po are 2} ft. above the highest flood mark, their width is usually equal to the 
height, and the slope of their sides 2 to 1. When the soil is permeable, they are reinfor^, Fig. 6536, 
at Uie height of the mean floods, by a banquette 20 ft. wide when the height is 20 ft. or upwards. 
Where the soU is very sandy and has but little cohesion, the dykes of the Po, ^hen,20 ft. high and 
upwards, have a width at top of 26 ft., two banquettes 20 ft. broad, Fig. 6537, an outside slope of 
3 to 1 and an inside slope of 2 to 1. Th& river roads are usually upon the embankment or upon the 
banquette^ 

The averaee height of the dykes on the Vistula, Fig. 6538, is 20 ft The top is from 2 to 3 ft. 
above the highest flood. The width at top is usually 15 ft., or three-fourths the height, and the 
slopes are 3 to 1 and 2 to 1. 

The protection of the banks of a river against the wearing action of the currents has now to be 
considered. The most efficient protection is a thidc growth of aquatic plants ; but as these con- 
stitute a serious impediment to the flow of the stream, artificial protection must be substituted for 
them. The means employed are various, differing according to the nature of the soil and that of the 
materials most readily available. Where stone is abundant and the slope of the banks suiti^ble, dry 
stone pitching forms a very effective protection. 
This system has been adopted on the Loire 
where the pitching is remarkable for the per- 
fection of its execution and its comparatively 
slight thickness. The slopes in these cases are 
generally about U to 1 The stones are roughly 
squared and laid by hand in courses. The 
thickness of the pitching is from 8 to 12 in. at 




the top, and increases m going down at the 
rate oi 2 or 3 in. a yard. A l^ of gravel is 
laid beneath, and the fbundations requisite to 
keep them from slipping are formed by a simple 
excavation or trough dug in the eitfth below 
the level of the meun summer waters, and sub- 
sequently filled in with rough rubble mnsonry. 
Sometimes, however, it \b necessary to drive a 
row of piles with longitudinal wales, as shown 
in Fig. 6539. In calculating the strength of these wales we have only to consider that the maximum 

presBOie they have to resist is — r— , to being the weight of the pitching, » the rise of slope, and 

/ the length of slope, friction being neglected for the sske of security. 

Where aquatic trees are abundant, fascines are employed instead of stone. These fascines are 



boDdlea of willow Mgafram 9 to 12 In. in diameter and abool 12 ft. in length. They an Inid with 
their length up and down the dope anil hre flxed to the bank br ttakee. Boinetinui a mixed Bystem 
t^ foaoineB and etone pitching U adopted, u ahown in Fig. 6H0. Worki eieootod in this way do 



not. It la frne, last Tery long, ten years being (he limit of ft fiucine midvr water; but their duration 
is BuCBdent in Tivora aitrying much nupeuded mutter, to gira riaa to depoaitiona which eventually 
•erre to effect the object inlend<d is a more penonnent way. 

Timber sheeting U occaaonally lesortcd to. This mayconatat either of abeet piling ororguide- 

Eilca and liorizont^ planks. The wnlea of tlia aheet piling or the gaide-pUea of the planking muat 
a tied beck to wooden anchoring plates firmly fiii>d In suitable Bituatiaaa. Bometiinea it ma; be 
necpKAry to oonHtruct retaining walla to preaorre the banlta of a riviur; but such inalanoes irlll 
aeldiim occur, aud they will never extend beyond a very limited apace, Groiua are in aoma oaaea 
employed. These, however, abould be used only Eta tempuniry expodients, as they impede tin 
ouirant and cndaager the stability of (ho bed. 

To render tbe upper portion of a river navigable, It la sometimes neoeaeary to erent weir* in 
those portions of t)ie Htream which are Datumll;^ aliallow and rapid Tba ubj.-cl in this case ia to 
produce a long reach of deep and companitlvely atill wat^r. More froqiieiitly weira are erected tbr 

f imposes of water-supply or water-power. Jn the latter ciu.cb. the object ia to prolong a high watei> 
evel from its nu.lural situation to some place where it is required to diveil wali;r Irom the atrenm 
for the purpose of driving moehiDery, or for other purpoaea. Tbcae wtira are merely dykes or dama 
thrown acrors the stream; Ufuall; they are oouHtructod of alone, bnt la some cases, especially in 
America, timber la employed fur thnt purpose. 

Tlie prcdsorcs upon a wtir being tie same as thoaonpon an ordina^ reservoir wall, its dimen- 
Fiona arc oalculatod In the same way. But aa tbo n atei Hows over a weir, forming a cascade on the 
down-stream side capable u( undermining the base of the structure, a somewhat different mode of 
conitruotion must be adopted, In choosing the iiita for a weir, it is well to avoid a bend if poauible: 
because the water on leaving the weir posseaaes a high velocity, and if a bend be si tuate imEne- 
diately below the wc>r, tiie concave beak ia rapidly worn away. The usual position for a weir is 
at right angles to the banks. BometimeiL however, in order to diminish the lieight of the back- 
water in timea ot flood, the creet Is mode longer than the breadth of the ohannol, and this I* 
effected either by placing it obliquely across the channel, or by giving it a V sliape in plan. Aa 
a protection to the bauka, the ends of tlie crest should be made aligbtly higher than tbe middle ; 
tlie cescade Is by tliis means directed towards the miildle of the chanuel. The bieudth of tbe cisat 
should not be less than.^ or .1 (t 

Tbe up-atream face Is either vertical or sloped to about 1 in 1. The down-stream bee has 
liBually a long fiat slope varying from 9 to 1 to 5 to 1. This slope is for fnrtber protection oontinued 
a short liistance betow the bed of the channeL Another method is to form the down-stream face 
Into a series of stona, so as to break the cascade into o number of amoller ones. OocosinnBlly a 
vertical face is adopted, with a nearly lerel stone-pitohing beneath; this form is, however, not 
enltable for Lirge boiiitis of water. 

Weirs may be constructed of any of the materials nsed for dame, end the principle* of con- 
atructlon are identical in the two coses. When solid miismiry is used, the facing should be of 
block-in- course or ashlar; but the heart may be of rubble or concroto. The same precautions 
are needed ss in the case of reservoir walls, to prevent the Bltntti'>n of water round tbe ends 
or roots of the weir. When (ho material employed is dry slone, tbe mode of ooustrnction Is 
tbe some aa that of the embankments already described, Tbe slope in such cases is steep at 
the back and Inng and gentle in front. To prevent the atones from Blr|>[iiiig on thrir foundations, 
piles with horizontal wales may be used in the manner rccouimcndtd for emliankments. Tbe 
aecompaoying figured nre given as examples of atone rivor-dsms. Fig. G511 is a so'tiou of a Hbth on 
thoLoiro at Orleans: Fig. G542 a aectiou of a dam conslrucled by ToUbrd on the Weaver ; and Fig. 
6543 is a soctioo of a dam on the Cwron, by Sm.aton. 

Works for the Improvement of the tiilal portion of a river consists mainly of the removal of 
obstructions to tbe tidal flow. These obstructions ma^ bo either mitural or artificial. Thoso of the 
former kind oonalat of abrupt bends, shoals, contractions of tbe chauuel, and bars, the romovol of 
vthioh may be effected in any of Ibe ways already described in reference to the river proper. Ia 
oonsideriDg, however, beforehand the effect of any proposed change, we have, in (he tidal portion, 
another agent tn be taken into account, namely, the tide. When eatimatiiig the effect of certain 
chsngea in the ruer portion, tba nroblem ia simplified by the (act that the current flowa oonstautl; 
in one diroctiou ; but in tiio lidal portion wo havu the current flowing alternately in contrary 




qnestiaaa which msj be deter- ^ 
mined bj mena of the hydro- 
netrioal obwcvatianB ftbouly de- 
■oribad. Beyond thia tlie execu- 
tion of the work will diffor but 
little from thftt applicable to Uie 
fbnner caae. 

The scouring Botlon of the 
ooRcut forniB a partioular feature 
in the tidal ponioa of a river. 
The alteiiiute ebb and flow of the 
tides oarriea np and down the 
liver chuutel large qnantitiee of 
•edimentat^ matter, espedollT 
■and. Thia is deposited at alaok 
water, to be taken up ag&ia when 
t!'e Bow has Ciirlj let in, in the 
onnlrary direclioo. Thus the form 
of the bed in oonatantly changing. 
Bemarkalile instanoeeof this may 
frequently be seen in open eetn- 
aries Glltd with sand-bankL The 
upward Sowof thecorrentdDe to 
the nsiDg tide eicaTatea a channel 
through the sand forming the bed. 
This chanuel is a sinuous one io 

oooseqaeuoe of the tendency of the stream to detiote frnm one side to the other. Ilie sinooiity 
thtu begun is constantly beug increased by the scouring action of the current on the ooncaTe side 
and the depcellion of tue aand oo the other. Tbna the ooaree of tlie channel is being chang^ 
during the whole of the flow. If the current continued in the aame direction, tbe Binuoeitiei would 
'~ e until they extended from bank to bank, when they would become to a oettoin extent per- 
" it in a few liours the tide lecedes, and the current stts in the controiir direction. This 
not BOour precisely as the ascending current did ; the'conne of the channel will there- 
tare be excavated in some other direction, in some CHsea it may CTen be scoured back into its firat 
filiation. In this way (he course of the channel is constantl; sliifting, to the utter deatruclion of 
nSTigatiou. The only efiective remedy for this appears to tie the erectiun of training walls. These 
ore longitudinal dykes, similar to thoea we have described for contracting the bed of the river proper. 
Their use is to couflne tbe current, that is, the low-water etrtam, to a certain portion of tbe bed 
whore it may ooustautly exert its scouring sctiun upon tlie same line of channel. It is obvious that 
by this menus a greater permanent dtpth may be obtaiued than by allowing the stream to continue 
Ito previous ever-clianging course. 

Training walls are couatructcd of rough rnbble stones, backed with olay and gravel. Tbeir 
distance apart must be determined by the freah water and the tidal dischaige, and the regidre- 
ments of the navigaliun. In some inatunccs tlie distance is from 400 to 500 U. They shoiiU not 
be raised fur above ttio low-water line : from 3 to 5 H. will bo snfflcient, as it is desirable to avoid 
contracting tlie high-wat<.'r channel. It has been found that these waits do not sink more thou 3 cur 
8 ft. into the sand of the bed, and that their foundulions. being parallel to the cnrront, are 
unaffected by the scour. Figs- 6514, 6545, ore cross-aections of training walls conitructed by 
D. BtevcuKm. 

Improvements of the channel by dredging and other modes of escavatlou, cut-off's, and closing 
of Euboidiary channels, ore executed in the maimer we have already deaoribed for the upper 
portion of the river. 

Among tbe chief artiScisJ obetmotions to tbe tidal flow are groins or jetties, and piers of 
bridges. Jetties were formerly considered the most practicable and efficient means of confining the 
current to tlte middJe of the channel ; but experience haa ehnwa that their influence is rather 
pemicions than otherwise. They give rise to eddies and back-currcnta, and constitute a serious 
impediment to the flow of the elrenm. Hence their use bos been almost entirely abandoned for 
this purpose. But as thoy exist in many eatuaries, their removal will frequently constitute ono of 



temored ; bat when it does happen 
that an old bridge ib t« be rebnilt 
01 a DeiT one erected, care Bboold 
>e token to a«old, as much m pos- 



nei ehould not be chosen as the I 

aite of lh« bridge, and, whatema \ 

praetir&ble, the stream sboold be 

crossed at right angles. The abut- , 

ments moat not ctmtraot the water- 

wn;, and the piers should stand 

trith their length exactly in the 

ditection of the ouirent. The piers should also have pointed or oylindrieal oatwalera at Loth end* 

to diminish the obatmction Uiey offer to the ouirent. 

Oao ot the gToat«trt diffloulUes irbich the hjdranlia engineer has to deal vith in the lidal 
portion of a river ia the existence of bars. A bar is a banh of sand, giaTeLor earth- forming a 
shoal at the month of a river, obstruoting entrance or rendering It difficult. The depth upon the 
bar ia, of course, the mltng depth of the chaimel, and it ia frequently suoh as to alloir the passage 
of laive vsMela cmly at h^ water. Bars eziat at tbe months of nearlir all tidal rivers, and various 
theorua hftTe been propounded conoeming thedr formation. The most reasonable in that tbe^ are 
tb« work of the sea alone. A well-known action of the sea is to tlirow up upon the coast a girdle 
of sand or ahingle. This action goes on at tho mouths of rivura as elsewhere. It is, bowerer, 
oppo«ed by the down oorrent of the stream : were it not ao opposed, the era wonld speedily cloae 
up tho monlji of the river. The force of the sea waves, especially against the bottom, is grealer 
tbaii tbu opposing foroe of the stream; hence a bat i£ formed, liut as the bi^igbt of the bar increases, 
the farces baoome more equnl, until Anally, when equality has been established, the height beoomeM 
permauent. This permanent height of the bar may be temporarily diminished by storms and 
floods : bat on the cessation of ^e disturbing oaose, it will be soon restored. There are a few 
liTers that are not encumbered with Iwrs, and Uieir non-formation in these rases may be attrtbnted 
to the absenu! ul one or more of the following conditions laid down by a writer lathe Enoyolopndia 
Britannica as nedcsssryto their formation ; — lei. The presence of sand or shingle, or other easily- 
moved material; 2nd. Water of a depth so limited that the waTee dnring storms may act on the 
bottom; and Srd. Such an exposure as shall allow of waves being generated of snffident size to 
operate oa the snbmvged materials. 

It will be Men th>m the foregoing remarks ttiat as the bsi is due to the action of the wave*, •■> 
tbs depth of water over the baru dneto thesoouringaotitmof theonrrent Tlierefore, in all works 
intended for the improTement of the tidal porlloD of a river, the scour upon the bar must be kept in 
view. This soour is produced in a greater measnre by the tidal than bj the fresh water; for the 
volume of tidal water disohaiged over the bar is generally far greater than that ot the water 
brought down by the stream. Ttie question of back-water is thus a very important one. By back- 
water is meant the tidal water which at every tide flows over the bar, and which, with the fiill of 
the tide, flows haci to the sea. The quantity of back-water is obvionsly measured by the extent of 
the area above the bar over whtoh it flows, and an important question for the engineer is how fur 
this area oocapiad by back-water may be encroaohed upon by solid works displacing the water, 
without InjnriouBl^ aOeoting tlie sooming force on the bar. At first sight it may seem that any 
diminishing of this area must lessen the sconr. This, however, is not strictly true. Experience 
faae shown that where certain physical conditions exist, the area oooupied by back-water may be 
reduced without injuriously Meeting its scouring action. It cannot be di.-niod that engineers are 
not agreed on this matter ; but the (^mmoDly-aooepted opinion, founded on the limited eiperienoe 
available, ia expressed in the following propositions advanced by D. Stevenson in his work on Inland 

1. The depth on bars is dne to baek-water. 

2. Where the high-water level of the surface of the river, estuary, or basin, ia the same as, or 
higher than, the level seaward of the point of abatraction, a diminution of tide-oovered area will 
reduce the eOeotiva back-water. 

3. Where the high-water level of the surface of the river, eatoarr, or borin is lower than the 
level seaward of the point of abatraction, a diminution of tide^»verea area may, in some cases, bo 
made without reducing the effective back-water. 

* i. The lower the level of baok-watar, the greater will be its effect in soooring the low-water 
channel ; and therefore tiie neorer the Mtc of abstraction is to Iiigh-water mark, we lees injoriona 
will be the effect, 

9. Bv enlarging the tidal eapadtj of a river at a low level, where the acqnired votnme is fllled 
every tide, compensation may be given for a mnch larger amonnt of water etduded at a higher level 

6. Id consequence of the diaturbitig effeeta of tlie wavce of the aea, the large discharge of riven 
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during high floods, and the varying natnie of the heds of estaaries and ban, it is not poBsible 1o 
conclude that with a given quantity of back-water, as deduced from the measurement of the tidal 
capacity of an estuary, a constant navigable depth can be muintained over the bar. 

In this, as in most other questions concerning alterations made in river channels, so much 
depends upon physical features peculiar to the locality, that every new case requires specisJ obser- 
vations, and the engineer is to a great extent thrown l»ck upon his own resources. The foregoing 
propositions will, howeve]^ serve to direct his observatioDs, and so enable him to arrive at results in 
which he may feel some degree of confidence. 

See Canal. Damming. Locks and Lock-gates. Betainiro Walls. 

Books on Rivers ; — Bernoulli (D.), * Hydrodynamica,' 4to, 1738. Bernard (M.), * NouveaTix 
principes dHydraulique,' 4to, 1787. Fabre (M.), * La Th^rie des Torrcnte et des Bivibres,' 4to, 
1797. Du Buat, * Principes d'Hydraulique,' 3 vols. 8vo, Paris, 1816. Bobison's (J.) ' Mechanical 
Philosophy/ 4 vols. 8vo, 1822. Brooks (W. A.), *0n the Improvement of Bivers,* 8tq, 1841. 
Minard (0. J.)t ' Cours de construction des ouvrages qui etablissent la Navigation des Bivi^ree 64 
des Canaux,' 4to, Paris, 1841. Calver (E. K.), * Conservation and Improvement of Tidal Bivers,' 
8vo, 1853. Ellet (C), ' Cn the Mississippi and Ohio Bivers,' royal 8vo, Philadelphia, 1861. NevUle 
(J.), * Hydraulic Tables,' 8vo, 18(>1. * Keport upon the Physios and Hydraulics of the Mississippi 
Kiver,' by Capt. Humphreys and Lieut. Abbot, royal 4to, Philadelphia, 1861. Beardmore (N.), 
' Manual of Hydrology/ 8vo, 1862. Frisi, ' Treatise on Bivers and Torrents/ translated by Major 
Gurstin, 12mo, 1868. Stevenson (D.), * The Principles and Practice of Canal and Biver Engineering,* 
royal 8vo, 1872. * Great Bivers ; the Parana, the Uruguay, and the La Plata Estuary,' by J. J. B^vy, 
folio, 1874. Hewson (W.), * Principles and Practice of Embanking Lands ttom Biver Floods, 8vo. 

BIYETED JOINT. Fb., Rimtre; Geb., Vemietung ; Ital., Commesswra ribadita; Sfan., Junta 
de roblones. 

Biveting, or the art of forming a riveted joints has become one of the most important in mecha- 
nical engineering, as in boiler work, girder work, iron shipbuilding, and in wrought-iron work 
generally, it constitutes an essential and a principal feature. The best form of riveted joint and the 
most suitable and economical proportions of the several parts of which it is composed are therefore 

Eroblems deserving the most careful attention. It is strange that so importaiit a matter should 
ave been so little investigated ; yet it is a fact that few experiments worthy of the name have been 
made to discover the principles according to which a joint ought to be designed, and the rules of 
practice have been left almost wholly to empirics. The coneequence is that in our iuvestigations of 
this subject we must rely chiefly upon theoretical considerations, guided, however, by the results 
of the few authenticated experiments which have been carried out. 

The education is, given two iron plates that are to be joined along two edges, how is this joint to 
be made m the strongest and at the same time the most economical manner. Obviously tne only 
way of effecting the join in a perfect manner is to weld the two edges ; and accordingly many 
attempts have been made to execute the joint in this way. There are, however, so many pnicticu 
difficulties to be encounters d, that little is to be hoped for in this direction, in the case of long joints 
at least. Biveting must therefore continue to hold its present important position. There are two 
ways of forming a riveted joint. One is to make the two edges overlap each other, and then to pass 
a pin or bolt through holes opposite each other in the overlapping parts. Tliis is known as the lap- 
joint, and LB the simplest moae of joining two plates. The other way is to place the two edges flnsh 
with each other, and to connect them by means of a strip, overlapping botn, and riveted as in the 
former case. This is called the butt-joint. It is obvious that this joint is nothing but the lap-joint 
repeated, as the strip may be considered as a third plate to which the other is joined. It possesses, 
however, certain advantages, one of which is that it may be used on both sides of the plates. The 
reality of this advantage will be seen later. 

Now it is evident that a joint executed in this manner can never be so stronii: as tin- plate itself 
because a portion of the plate has to be cut away to admit the rivets. The effective area of 
the plate is thus reduced by a quantity equal to the sum of the areas of the rivet-holes. This does 
not quite represent the reduction of strength, because the plate which la left between the holes is, 
in some way not yet clearly ascertained, injured by the operation of forming the holes. But fur the 
present we will assume that it does not accurately represent the loss of strength. In practice this 
toss is a serious one, amounting to 50 and even 60 per cent, of the strength of the plate. Thus, in 
the case of a boiler, for example, one-half the metal is wasted. The rem^y that first suggests itself 
is to use as few rivets as possible, and to give those the least possible diameter. But here we come 
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face to face with the manner in which a riveted joint yields. A joint of this kind may give way ; 

of the rivet, as iu Figs. 6546, 6547 ; 2, by the crushing of the plate. Fig. 6548 ; 



1, by the shearing 
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8, by the tearing oat of the rivet, in Fig. 6549 ; and by the tearing of the plate across, Fig. 6550. 
Another mode of ftaotnre, namely, that represented in Fig. 6551, is considered by some to be the 
normal manner in which a rivet foroes its way out of a plate. This manner, it will be seen, is by 
shearing the plate. There does not, however, appear to be any reason for believing that such an 
action may occur ; nor is it compatible with tiie modes of fracture shown in Figd. 6549, 6550. The 
resistance of the joint to fracture by the shearing of the rivet is-^ 

The shearing strength the square inch x the sectional area of the rivet 
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Here one means of reducing the area ab.-tracted from the plate for the holes at once suggests 
itself, namely, tiie employment of the best quality iron for the rivets. In t)ie ease of the crushing 
of the plate, the resistance offered by any portion A B of tho circumference, Fi;?. 6552, to the tensile 
strain, equals its resolved portion G D at right angles to the line of strain, multiplied bv the thick- 
ness of the plate and by its crushing strength. Hence the resistance offered by the plate to 
crushing equals 

The crushing strength x the thickness of plate x the diameter of rivet 

In the case of the joint failing by the plate breaking along the line E L, Fig. 6552. the portion 
EMNF opposed to the rivet may ie considered as a continuous girder uniformly loaded, and the 
ultimate resistance then equaU 

thickness o f plate x ( depth K L )* 
lengthE F 



X A, 



A being a constant, the value of which must be determined by experiment, as the circumsfanoeB 
differ widelv from those of ordinary girders. This mode of fraeture is given by Walter B. Browne 
in a valuable paper read by him before the Institution of Mechanical Engineers, to which paper we 
are indebted for the accompanying diagrams. But it is a case of little importance in practice. There 
are but three modes practicaUv by which a riveted joint may fail, namely, the shearing uf the rivets, 
the crushing of the plate, and the tearing of tiie plate along the line of rivets. The reastance to 
this mode of fracture equals 

The effective sectional area along that line x the tensile strength the square inch. 

Thus it will be seen that fracture by shearing depends on the diameter of the rivet ; that finicture 
by crushing depends on the diameter of the rivet and the thickness of the plate ; and that fracture 
by tearing depends on the thickness of the plate and the widtlv on each side of the rivet. Now it is 
sufficiently obvious that in a perfect joint these seveial resistances will he equal to each other and 
the greatest possible; for wnatever excess we have in one mode of resistance must be abstracted 
from another mode of resistance. If we increase the number of rivets, we increase the resistance to 
shearing, but we diminish the area of the plate along the line of rivets. If we diminish the number 
of rivets, we increase the strength of the nlate, but we diminish the resistance to shearing. Again, 
if we diminish the number of rivets ana increase their diameter, we increase, indeed, both the 
resistance to shearing and to tearing, but we diminish the resistance to crushing. Thus we have 
found a certain definite point at which to aim in designing a riveted joint, namely, equality of 
resistance. By comparing the first and second modes of fracture, we obtiin the propi-r proportion 
between the diameter of the rivet and the thickness of tlie plate ; and by comparing the firbt and 
last modes of fracture, we obtain the pitch of the rivets, or their distance apart. 

To compare the first and second modes of fracture, let t be the thickness of the plnte and d the 
diameter of the rivet. Putting P = the strain a square inch that will crush the plate, and P' the 

stmin a square inch that will shear the rivet, we have "7854 d» P' = P * d, whence - = • p, » 

• * To04 mt 

which is the requisite proportion between the diameter of the rivet and the thickness of the plate. 
The shearing strength P' of wrought iron is usually taken as equul to its tensile strength. 
W. B. Browne, however, considers the tensUe stri^ngth of riveted plates as somewhat inferior to their 
shearing strengtii, and he cites in support of his opinion numerous experiments made by indepen- 
dent authorities. The results of these experiments lead him to conclude that with the best quality 
iron, such as is used for rivets, the sliearing strength should be taken equal to 22 tous tlie square 
inch, and the tensile strengtii of the plates 18 tons the square inch. Ttie value of P, or the resist- 
ance to crushing, has not been d'^termlned with much precision. We should be far from the truth 
if we were to take the ordinary values for the crushing strength of wrought iron. The actual value 
of P is much higher than this, and the reason given by Browno is that experiments for values of 
crushing strength are made with cubes or short bars of the metal, which are free to move laterally in 
all dixectlona ; but in the case of a rivet-hole, the metal that is being oru^ed, or, as hu expresses it, 
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etippM, is supported both by the sairoimding part of the plate and also by the heads of the rivet 
As this writer appears to have been the first to make direct experiments for the pnrpose of deter- 
mining the yalue of P in riveted plates, we shall give his own account of them, ana accept tiie value 
he has arrived al After alluding to certain experiments made by Charles Fox, ana others, on 
suspension-bridge links, he says ; — 

^ As however in these sets of experiments a single pin with links of best bar iron was employed, 
it seems very desirable for the present object to make some further experiments with actual boiler 
plates and rivets ; and for this purpose a series of plates were prepartKl, and tested at Kirkaldy's 
works. In order to make sure that the joints should yield by this mode of fi»cturo and no other, 
the rivets were made altogether out of proportion to the thickness of the plates, which was A in., 
while the rivets were 1 in. diameter ; ample width was also given to the lap. The width of the 
joint in the line of the rivets was IS in., and three rivets were employed in all cases. Hiilf the spe- 
cimens experimented upon were made with a lap-joint, and the otner half with a butt-joint and two 
oover-plates ; the pitch of the rivets was 3 in. in the lap-joints, and 8| in. in the butt-joints. 

'* On the plates being tested by tension in Kirkaldy's machine, thoy all without exception tore 
through the rivet-holes, as in Fig. 6550. But the tensile strength per square inch of the area frac- 
tured waa greatly below the strength of the plates, being only an avera^ of 12*2 tons in the lap- 
joints and 13' 2 tons in the butMoints ; and it follows therefore that the joints could not have yielded 
oy fair tearing of the plate& The crippling action at the rivet-holes, which is now biing inquired 
into, would injure and weaken the metal, until either the rivets forced themselves out of the plate, 
or the plate itself toru through the holes. The latter happened first in these experiments ; but there 
is no reasonable ground for doubting that the ultimate cause of failure was the orippUng of the 
metal in front of tiie rivets. 

** In order to test the reality of this crippling action, similar specimens of all the three qualities of 
iron that had been used, and of both kinils of joint, were subjected to a total tensile strain of 36 tons 
on tiie 13 in. width, and the rivet-heads were afterwards planed 08", so as to examine the dimen- 
sions of the holes. A slight but unmistakable elongation was found to exist in the direction of the 
strain, amotmting to about -^ in. ; and taking into consideration that this is of the character ot a 
Bet, and also bearing in mind the way in which the metal is grasped by the rivet-heads, and the 
support given by the surrounding plate, the amount of elongation appears quite sufficient to prove 
the existence of the crippling action. At the same time the ultimate tearing of the plates at the 
rivet-holes serves to show why this crippling has attracted so little notice ; and that, when not 
carried so far as to result in tearing, it may still exist as a dangerous and unsuspeoted souroe ot 
weakness in joints otherwise excellent. 

**The mean value obtained from the experiments for the ultimate resistance to crippling oi the 
plate, per square inch of the area of pressure in the rivet-holes, is 39*5 tons for the lafhjointB, and 
42*9 tons for the butt-joints. Tiiese show a very close agreement with the results previously 
obtained from the experiments with snspension-bridge links, which average 39*8 and 40*5 tons an 
inch. The resistance to crippling appears therefore to be very different fVom and independent of 
the tensile strength of the iron ; and as a general result, 40 tons per inch may be taken as the strain 
that will cripple the plate, or the value for F in the calculation." 

Substituting these values of P and P' in the e(^uation, we find the value of d to be 2*3 <, or about 
2} times the thickness of the plate. In practice it is usual to make (f = 2 f , or the diameter of the 
rivet equals twice the thickness of the plate. The ordinary rule may thus, in the absence of more 
numerous experiments, be taken as sufficiently accurate. 

We have now ta determine the pitch, or distance of the rivets apart from centre to centre, so as 
to equalize the shearing strength 01 tiie rivets and the tensile strength of the plate. This question 
involves certain disputed points, and, as might be supposed, practice shows an absence of uniformity 
in this matter. The strength of the plate is eoual to that of its sectional area between the rivet- 
lidles. But what this strength is has not vet been determined with sufficient precision to set the 
question at rest. Experiments have proved oeyond all doubt that the net area of the plate along the 
hue of rivets is considerably weaker than an equal area of solid plate. The cause of this weakening 
hns been attributed to the destructive action of the punch ; and the advocates of drilling have 
relied chiefly upon this point in estimating the merits of the latter svstem. On the other hand, it 
has been contended on the faith of certain experiments, that a puncliea joint is as strong as a drilled 
joint, and that consequently drilling is as injurious as punching. Whatever the cause may be, 
however, it is certain, as we stated above, that the tensile strength of the net area is reduced by the 
existence of the rivet-holes, whether they are drilled or punched ; and the Question that remains is, 
docs punching reduce the strengthin a greater degree than drilling ? It follows also from this ihct 
that it is erroneous to assume, as is constantly done in practice, that the net area between drilled 
holes is equal in tensile strength to that of the solid plate. The only experiments, of which we ara 
aware, that have been systematical Iv carried out for the purpose of determining these questions, 
were made in America, and reported by a committee on boilers and boiler materials, to the American 
Bail way Master Mechanics' Association. The following are the particulars of these experiments;^ — 



DeacrlpfeloiL 


Experi- 
ment 
Number. 


How Broken. 


Breaking Strain, 
Ibo. 


Unit Strain on 
Plate, tons a 
square inch. 


Unit Strain on 
Rivet, tony a 
aqoarelDcU. 


Entire plate,- 1( in. by A ">• 


1 
2 
3 


Tom across . 
Ditto 
Ditto 

• 

Mean 


82,228 
82,228 
88.600 


26*8 
20-3 
27-4 


• • 
•• 
. « 




82,68/\ 


26-7 





276S 



RIVETED JOINT. 



Table — continued. 



Descrlpti >n. 


Fixperl- 

ment 

Number. 


How BrokeQ. 


Breaking Strain, 
lbs. 


0nit Strain on 
Plate, tons a 
square inch. 


Unit Strain od 
Rivet, tons a 
square inch. 


Plate If in. by tJ^ in. ; withj 
f-in. hole tmough middle,] 
punched ( 


1 
2 
3 


Tom acro08 • 
Ditto 
Ditto 

Mean 


13,371 
13,371 
13,714 


170 
170 
17-4 


• • 

• ■ 

m m 




13,485 


171 


• • 


Plate If in. by ^ in., with 
|-in. hole through middle, 
drilled 


1 
2 
8 


Tom across . 
Ditto 
Ditto 

Mean 


17.828 
17.485 
17,622 


22-6 
22-2 
22-4 


• • 




17,645 


22-4 


• • 


Two plates, each 1 f in. by ^ 
in., punched, and riveted < 
togetUer with a f -in. rivet 


1 

2 
3 


Tom through 
centre of ' 
plate .. 

Ditto 

Ditto 

Mean .. 


17,828 

17,828 
17,143 


22-6 

22-6 
21-8 


25-9 

25-9 
24-9 




17,599 


22-8 


25-6 


Two plates, each If in. by| 
-j^ in., drilled, and riveted < 
together with a |-in. rivet | 


1 
2 
3 


Bivet sheared 
Ditto 
Ditto 

Mean 


17,143 
16,457 
15,428 


21-8 
20-9 
19-6 


24-9 
23-9 
22-4 




16,342 


20-8 


23-8 



It will be remarked that the tensile strength of the pliite experimented upon was very high. 
Beyond this, the Table contains some very remarkable results. The existence of the drilled hole 
reduced the tensile strength of the effective area from 26 '7 to 22 '4 tons the square inch, or about 16 
per cent., while in the case of the punched bole the reduction was from 26*7 to 17' 1 tons, or about 
36 per cent. When, however, the rivet was inserted, the strength of the punched joint was about 
equal to that of the plate with the drilled hole, while the strength of the drilled joint was consider- 
ably less. The increase of strength in the punched joint can only be attributod to tlie grip of the 
rivet-heads, while the reduction of strength in the drilled joint is obviously due to an increased 
tendency to shear the rivet. This result is considered by the committee as probably due to the 
edges of the drilled holes being sharper and more compact, and consequently more capable of 
shearing than the edges left by a punch. However this may be, the fact remains that practically 
the drilled joints were not so strong as the punched joints. The result which bears directly upon 
the question we are now considering is that wiiich relates to the diminished strength of the metal 
between the rivet-holes. This is shown to be 16 per cent, for the drilled hole, and 36 per cent, for 
the punched hole. We cannot help believing that the punching in this case must have been 
carelessly performed, and that 36 does not fairly represent the average punched hole. We have 
already sai«l that W. R. Browne considers the tens^ile strength of a punched iron plato to be reduced 
from 22 to 18 tons, and he makes the latter strength the basis of his calculations. It is probable, 
however, that 17 tons more nearly represents the truth. The equation for determining the pitoh 
evidently is *7854 d'P'=:26^R, B being the resistance to tearing in tons to the square inch, and 

b the breadth required on each side of the hole. Putting B = 17, we have 6 = 5 x-r X *d; and 

t 

taking d = 2 ^, h = d. That is, the breadth on each side of the rivet-hole should be equal to the 
diameter of the rivet ; or in a row of rivets, the pitch should be equed to 3 diameters. When the 
diameter of the rivets is less than twice the thickness of the plate, as it mmit necessarily be in the 
case of very thick plates, the pitch will be less ; and if m be taken as the ratio of the diameter to 
the thickness, the space between the holes will be m times the diamet<T of the rivet. 

The distance of the rivet from the end of the plate, or as it is termed the lap of the plate, \a 
made equal to one diameter. This diatonce has been determined more by 'practical necessity than 
from theoretical considerations ; and as joints rarely, if ever, fail in that direction, it may be 
assumed to be sufficient. The loss of a single-riveted joint is thus equal to three dinmetera. The 
proportions to which the preceding considerations have led us are thus ;— diameter of rivet = twice 
the thickness of the plate ; piteh = three diameters of rivet ; and lap = three diameters -of rivet. 
The^e proportions ai-e represented in Figs. 6553, 6554. The proportional strength of such a joint 

is evidently g of 22 °' ^^* ^^ ^^^' ®^ *^** ^^ *^'® ^^^^ P^**®* 

The foregoing conclusions show tliat the single-riveted lap-joint is only half as stronfir as the 
solid plate, even when most perfectly designed ; and the question for consirleration now is — by what 
change in the mode of construction can the strength of the lap-joint he increased. The first ex- 
pedient that suggeste itself is to place the rivets in two rows, since by this means we increase the 
piteh without reducing the sectional area of the rivets. This expedient has been largely resortetl 
to, and the advantage which it offers is real and considerable. The pitoh of the riveta in this ease 
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irill be double th&t n-qnleite for singla TiTetiag, » 
case the pitoti aboulil equal tUree lUunatcrB. T 



a oalcnlftlloiu Bhowed iu that In tha latter 
._-—., , This, however, will not give the required equity 

batwoea sboajing and touaile fltrengtli. TliiBeqiuility is given by thn equBtioQ2('7851(J'P') = 2 6(fi, 
Whence, with tie procoding v»lue», b =; 2-02 d, and the piteh ooiiiioqaeiitly oquals 5 diameters. 
But OS the met- holes BIO wider apart, the tensile etrengthaf the plate is reduced in a proportionably 



the ooot ; but wa hava increaaed the atrength of the joint from « ''^ o^ = ^1 '" V^f oeut, to 

4^ of -jo" = ® P«' ■*"*■ "^^ proportioD of the diameter of the riTets to the thioknew of the 
plata will be the same a< in single-riTeled joints, ob the.straim aca the same in both cues. 




It now remafoB to determine the Up of the joint, and to do tbis it ie neeessai^ to asoertaiD what 
dUtanoe is reqoired between the rows of rivets. Here again we Sad a want of unLfonnity in praetiea. 
The only experiments bearing directly on this matter are aonie made by Brnnel, and deaciibed by 
W. B. Browne in the papei already referred to. Discnasing the results of these experitnenta, ha 
says, " In these the line of fraotare in several cases was a ligzcig, rtmntDg baakwanis and forwards 
betwcea the two rows of riveta, as in Fii^s. GS55, 6556 ; and this shows that tlie rows were too near 
together iu those oases. As tha effect ofpnccliing is to weaken the plate to some distance all round 
the punched hole, the result will be that in theBpaf«betweenanvt«oanocefl8iTeholosin the straight 
line of rivets the plate is weakened to twice the distance that the punching affects, but in the zig- 
zag line between tha same two holes the plate is weakened to the extent of four times the same 
distance. Ileoce, though the zigzag line will always bo the longer in itself, it may be really weaker 
tlisn the sliaight lino, if the two rows are near together. The proporlion of tlie distance between 
the pitch lines to the pitcli itself was respectively from 40 per cent, in Fig. 6355, to 62 per cent in 
Fig. 6556, in the experiments in which the fracture took the zigxag line ; but in another experiment, 
Pig. 6557. in which the proportion was as great as G7 per cent., the fracture took place in tha straight 
line. It therefore seems safe to make the distance between the pitch lines 67 per cent., oi |rda of 
the pitch iu tigzag riveting. 

"In chain -riveting, however, ttierivetB iDtheBeoondrowbeingoppodte those in tha first row, as 
in Pigs. r>55S, 6550. are in the same position with respect to tha first row as the riTets in a aingla- 
riveted joint to tlie edge of the lap. Bence by the same rule os before, the distance between the 
rivet-holes in the two rows will bo one diameter, making the distance between the pitcli lines 
2 diameters ; but as the plate between the holes will be injured at both sides by punching, it will 
be safer to make the distance 2} diameters between the pitch lines. This gives the total lap S} 
diameters in chain -riveted joints, which agrees with the rules in use at Lloyd^." 

In considering the case of thick plates, as in tnaiine boilei^ where tlie diameter of tlie rivets 
cannot be made twice the thickness of the plate, the proportion of 1} times may first be taken; and 
'- ■■ " ' -'n pince of i* = 2 t ii " ..... .. .. 



snbetituUng this value if ^ 1} ( 

Pitch =Hdi«m., Strength g;^ x ^-^ = ,„^. 

to the thiokness of plate, the correspouding reanlts ai 

Pitch :c 21dlam., Btiength ^ 



a the previous cslcalations, the results & 
Taking next the diameter of rivet equal 
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; and the foregniog 
9, Klre i (li&meters a« the pitch of the middle ron, and 8 diamo- 
.._. . le pitch of the oaieintwa. With these proportiona, thi« triple riveting gices & itiengtb ol 
joint eqnnl to 80 per rent, of the plate*. We are soon stopped, however, in this direction by a prsc- 
{ioal difficulty, whenever a joint has to bo made Bteam-tight. When the pitch U very wide, the 
plates are apt to spring under the calking tooL This difficulty of calking the joint hoa had great 
influence in checkiuK the eileoaion of Ihe Bjatem of multiple riveting ; and it U evident that 
further proeresa Can be made only by effecting imT>rovement8 in the methods of calking. 

Id bntt-jointa, a oover-atrip ia riveted to each plate, and this cover-strip may be placed on one aide 
of the plates only, lu in Figs, 6560. 6561, or on both aides, ea in Fikb. 6562, 65CB. Aa we have pre- 
viously said, when the cover ia on one side only, tlie joint is TirtuaUy a lap-joint, and theiefoie the 
proportions fonnd for this latter joint are equally applicable to the butt-joint. It is evident also 
that tho butt-joint may be either single or double riveted, and it ia eqnally evident that the thick- 
ness of the oover should be cqnal to that of the platea. If the oover-strips are double, the stiaiu is 
eqnally divided between thoin, and therefore eaoh strip should be half the thickness of the plal«. 
In this rasa the rivets are in wliat is called double shear; that is. if they fail, they must do bo by 
being sheared in two plaoee. Consequently they offer a double shearing area, and henoe the equa- 
tion becomea 'T8Mif* X 2'P'=tdr. The pni^iortiou of the diameter of the rivets to the tbtvk- 
nesa of the pUte ia thus - = 17^7-5 • Whenoe wf dednoe tl = 1 '16 f, or the diameter of the 
rivet eqoalitimea the thickness of the plate. Theeqaation lor the pitch tieoomea -7S5ttf x 2?* 
= 2b fit, Irom which we find pilch = 3^ diametera. The pioportiDDB of lap will be the same as in 
the lap-joint, that la, there will be 8 diametera on eaoh pla4«, making the total width of the ooven 
equal to 6 diameters. 
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The proportionate strength of this joint aa compered with tliet nt the BoUd plate, i* 3I "^ 

52iperc( 
When the cover-etrlpB of a butt-joint are each d 



= "I per ceni, 

^.a. ^= „..„.,«>» „> -J « in Fi(!»- 656* to 6566, the 

diameter of tlie rivela will bo tlio same aa in the single-riveted joints, namely, 1^ the thickness of 
the plate ; aluo, the distance between the two rows of rivets will be the aame. Henoe the width of 
Uie oover will be double the lap determined for the previous eaae, or for chain riveting, 11 diametera, 
The equation for the pitch is 2(-785*d' x 2P0 = 26eB. whence it will be found that the pitch 
= 31 diameters; therefore, for ligiag riveting, the distauoe between the pitch linea being two-thirde 
of the pitch, we may take the widtli of the oover-etripa as eqnal to 13 diametera. 



The proportionBte atrength of thia joint, aa compered with that ot the eoUd pUte, i 



H 



EIVBTED JOINT. 



2769 



6667. 




Other expedients have been resorted to for strengthening the seams of boilers. In a boiler, the 
fltndn npon the longitudinal jomts is t?rioe that upon the traosyerse joints^ and it has been proposed 
to arrange the joints 
diagonally, ' as in Fig. 
6567. If the angle of 
the joint be 45'', a 
simple calonlation will 
show that the tension 
nnon it is only foor- 
flfths of thnt npon a 
longitudinal joint. Con- 
sequently tiie effective 
strength of the joint is 
increased in the ratio of 
4 to 5. This is an ad- 
vantage which should 
not be overlooked. An- 
other mode of making 
the strength of tlie 
transverse and longi- 
tudinal joints equal is 
to thicken the cages of 
the plates, as shown in 
Figs. 6568, 6569. 
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The following Tables show the proportions for riveted joints adopted in practice. 

Bulbs won Boileb Bivbtxno. 
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*' The rivets not to be nearer to the butts or edges of the plating, lining-pieces to butts, or of anv 
angle-iron, than a space not less than tlieir own diameter, and not to be farther apart from eacn 
other than four times their diameter, or nearer than three times their diameter, and to be spaced 
through the frames and outside plating ; and in reversed angle-iron, a distance equal to eight times 
their diameter apart The overlaps of plating, where double riveting is required, not to be less 
than five and a half times the diameter of the rivets ; and where single riveting is admitted, to be 
not less in breadth than three and a quarter times the diameter of the rivets." 
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" Rivets to be 4 diameten apart from centre to centre, longitudinally in seams, and Terticallv in 
bntts, except in the butts where treble riveting is required, where the rivets in the row fBrthent 
from the butt may be spaced 8 diameters apart from centre to centre. Bivets in framing to be eight 
times their diameter apart from centre to centre, and to be of the size required in the preceding 
Table. All double or treble riveting in butts of plates to be in parallel rows, or what is termed 
cliain riveting. It is recommended that the necks of all rivets be bevelled under the head, so as to 
fill the couiitorsink made in punching, and their heads should be no thicker than two-thirds of the 
diameter of the rivet." 

See Boiler. Cobrosion. Materials of GoKSTRrcnoir. 

Works relating to i?»tv*iVw ;— Stoney (B. B.), * Theory of Strains,' 8vo, 1873. Burgh (N. P.), 
A Treatise on Boilers and Boiler Making,' 4to, 1873. Fairbaim (Wm.), ' Useful Information for 
Engineers.' 

ROADS. Fr., RinUca ; Ger., Straasen ; Ital., Strada ; Span., CammoB. 

There \& a considerably greater diversity in the character and construction of ordinary roads than 
of those which are uaed solely by steam locomotives. Upon the latter there is but one description 
of traffic, that of wheeled vehicles, while upon the former the traffic is of a very miscellaneous kind. 
The general character of railways differs but little, whereas that of roads varies according to the 
purposes to which tJiey are applied. Ordinary roads are of two principal types, namely, tcmpomry 
and permanent roads. 

Temporary Roada, — The first idea of a road is a path or track on which a foot-passenger can 
travel. In tlie American forests the trees are blazed or marked to show the direction. On tho 
prairies men travel by compass or by the stars ; or by watching their own shadows, or noting the 
direction. of the wind. Successive tmvellers following the same route will tread down a forest 
path, which is tho first step towards road-making. On such a road, rivers wUl be crossed by swim- 
ming or wading, or by rafts; or felled trees might be used on very narrow streama ; while ranges 
of hills would be passed by following the beds of mountain torrents. The employment of animals 
necessitates tiie improvement of the roads. The footpaths are widened, the forest 2b cleared, 
rude bridges of logs are formed, or mfts made of wood, of empty vessels, or (»f inflated skins. 

Suppose it is required to make a temporary road from one settlement to another in a wild 
unmapped country. If a traverse were run by compass and chain between the two places, and 
plotted on paper, the magnetic bearing of the one place from the other would be ascertained, and a 
straight line could be run between the two by means of the compass. If two flags are set up in the 
proper direction at some distance apart, then, by means of a third flag brouf^ht into line with the 
two former, a straight line could be run for many miles with a very slight deviation from accuracy. 
Wliere a compass is not available, a fire lighted at onu place may, by Its smoke, enable its direction 
to be seen from the other. 

This line so run, and marked by a trench cut in the ground, will often be a practicable line for 
the mad in a new country ; if not, it will at any rate be a valuable guiiling line towards which 
all deviations caused by various obstacles should return. The line so marked out should be 
cleared for a width of 10, 20, or 30 ft. ; a ditch cut on either fdde to serve as a drain, and the 
earth excavated thrown in the centre of the road to assist the rain-water to run into the ditches. 
Inequalities of surface can then be levelled as far as possible. Small streams may be crossed 
by temporary bridges if wood is available ; if not. their banks must be cut down, if neoessary, to a 
gentle slope, so as to enable carts to pass where the stream is dry or nearly so, and such slopes, as 
well as the bottom of the stream, may be paved, if material is available. 

Tiie following is a description of a temporary road of this kind made over the dry bed of the 
Chenab River in the Punjab, and may be taken as a general example. 

The totol length for tho roadway across the Chenab measures 10,600 running feet, of which 
1350 fk. consist of a metilled road ; 3500 ft. rest on firm soil, extending from the road embankment 
to witliiu 1000 ft. of the south side of river, and the remaining 5800 ft. extend across entire sand. 

Tlie roadway consists of one layer of grass fascines, each fuscine being 21 ft. long, 6 in. in 
diameter, and tightly bound with gras^, {jacked closely together and covered with 6 in. of clay. 
On the surface of the clay, and to prevent its cutting into grooves, a very thin layer of loose 
g^ross is constantly maintained. An inch of clay is firht laid down on the sand, all hoUows 
are filled in and low points somewhat raised, that the foundation may not suffer from the lodgment 
of water. In other places the finished road is 1 or 2 in. above the sand. 

Whatever improvements are made in such roads should be directed towards the most formidable 
obstacles at first; this is, indeed, self-evident, the strength of a road, as of a beam, being only that 
of its weakest part; but it is not always easy to determine what are the most formidable 
obstacles,' nor wliother it will be more economical to lay out a given sum in raising a portion 
of embankment, cutting down a hill, improving the surface, or building a bridge, but much of 
course will depend on the peculiar circumstances of each case. 

Plank Roads, — Similarly to the trellis road used on the early railways in the United States, 
ordinary roads of a temporary character are sometimes constructed exclusively of timber, and are 
termed plank roods. 

The method most generally adopted in oonstmcting plank roads consists in laying a flooring, or 
track, 8 ft. wide, composed of boards from 9 to 12 in. in width, and 3 in. in thickness, which rest 
pnon two parallel rows of sleepers, or 8ills,»laid lengthwise in the road, and having their centre lines 
about 4 ft. apart, or 2 ft. from the axis of the road. Sills of various-sized scantling have been used, 
but experience seems in favour of scantling about 12 in. in width, 4 in. in thickness, and in lengths 
of not less than 15 to 20 ft. Sills of these dimensions, laid flatwise, and firmly imbedded, present 
a firm and uniform bearing to the boards, and distribute the pressure they receive over so great a 
surface, that, if the soil upon which they rest is compact and kept well drained, there can be but 
little settling and displacement of the road surface, from the usual loads passing over it. The 
better to secure this uniform distribution of the pressure, the sills of one row are so laid as to break 
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joints with the other, and to prevent the ends of the sills from yieldlDg, the nsual precaution is 
taken to place short sills at the joints, either beneath the main sills or on the same level with 
them. 

The boards are laid perpendicular to the nzis of the road, experience having shown that this 
position is more favourable to their wear and tear than tiny other, and is besides the most economical. 
Their ends are not in an unbroken line, but so arranged that the ends of every three or four project 
alternately, on each side of the axis of the ri^a i, 3 or 4 in. beyond those next to them, for the pur- 
pose of presenting a short shoulder to the wheels of vehicles, to facilitate theii coming upon the 
plank smface, when from any cause they may have turned aside. On some roads, the bouras have 
been spik^ to the sills, but this is unnec.>s:iry, the stability of tiie boards being best secui^ by 
wen packing the earth between and around tiie sills, so as to present, with them, a tmiform bearing 
surface to the boards, and by adopting the usual precautions for keeping the subsoil well drained 
and preventing any accumulation of rain-water on the surface. The ooimls for plank roads should 
be selected from timber free from the usual defects, such as knots and ^akes, wnicli would render 
it unsuitable for ordinary building purposes, as durability is an essential element in the economy 
of this class of btructures. Boards of 8 in. in thickness offer all the requisites of strength and dura- 
bility that can be obtained from timber in its ordinary htate, in which it is used fur plunk roads. 

Besides the wooden track of 8 ft., an eartlien track of 12 ft. in width is made, which serves as a 
summer road for light vehicles, and as a turn-out for loaded oned; this, with the wooden track, 
gives a clear road surface of 20 ft., the least that can be well allowed for a frequented road. It is 
reconmiended to lay the wooden track on the right-hand side of the approach of a road to a town 
or village, fbr the proper convenience of the rural traffic, as the heavy trade is to the town. The 
surfaM of this track receives a cross slope from the side towards the axis of the road outwards of 1 
in 32. The surface of the summer road receives a crosp slope in the oppodto direction of 1 in 16. 
These sbpes are given for the purpose of facilitating a rapid surface drunage. The side drains are 
placed for this purpose peurallel to the axis of the road, and connected with the road surface in 
a suitable slope. '^ 

Wiiere, from the character of the soil, good summer roads cannot be had, it will be necessary to 
make wooden turn-outs, from space to space, to prevent the inconvenience and delay of miry roads. 
This can be effected by laying at tliese points a wooden track of double width to enable vehicles 
meeting, to pass each other. It is recommended to lay these turn-outs on four or five sillft» to spring 
the boards lightly at the centre, and spike their ends to the exterior silla. 

The angle of repose, by which the grado of plank roads should be regulated, has not yet been 
determined by experiment^ but as the wooden surface is covered with a layer c^ clean sand, fine 
gravel, or tan hirk, before it is thrown open to vehiclea, and as it in time fciecomes covered with a 
permanent stratum of dust, it is probable that this angle will not matermlly differ from that on a 
road with a bruken-stone surface, like that of M*Adam or of Telford, when kept in a thorough 
state of repair. 

In some of the earlier plank roads made in Canada, a width of 16 ft was given to the wooden 
track, the boards of which were laid upon four or five rows of sills. But experience soon demon- 
strated that this w:as not an economical plan, as it was found that vehicles kept the centre of the 
wooden surface, which was soon worn into a beaten track, v/hilst the remainder was only slightlv 
impaired. This led to the abandonment of the wide track for the one now usually employed, whicn 
answers all the purposes of the traffic, and is much moro economical, both in the first outlay and for 
subsequent renewals and repairs. The plank 
roads possess great advantages in a densely- 
wooded country, and will be found superior to 
every other kind as a temporary expedient. 

HiU Roods, — The construction of hill roads, 
which are frequently of only a temporary cha- 
racter, although at times subsequently en- 
larged and improved so as to come under the 
other Ciitegory, increases in difficulty with the 
quantity of timber met with in the district. 
Sometimes footpaths mav exist, which, although 
more tracks, will enable in some degree the 
nature of the ground 1o be rightly ascertained. 
The ordinary spirit-level is unsuited for the 
operation of surveying, or, as it is toimed. 
tracing out, a hill road. It is too large, ana 
requires a greater delicacy of adjustment and 
manipulation than can bo g^ven to it under 
the circumstances. The instrument repre- 
sented in Figs. 6570 to 6572 is often employed 
in India for the purpose in question, and 
answers exceedingly well. It goes by the 
name of the Gunner's Quadrant, being, with 
a few modifications, a level for setting mortars 
at their proper angle. The long bar is fitted 
with sights at either end, and has a universal 
joint screwed on at its centre. The quadrant is 
reversed from the position it occupies in the 
mortar quadrant, having the are turned inwards, 
and the radius outwards, towards the tracer. An armature, bearing a small spirit-level at its side. 
and a vernier to read minutes at one end, works on the are, which, to enable the level to ho used 
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for tracing (>ither up or down hill witliont reyersion, lina an excess arc of some 5^ on the upper side 
of its zero poiut. Tho tracing quadrant is fixed to a light stick, shod with iron, of a length sufllcient 
to bring the pin-hole of tho sight within easy distance of the eye. The stick should not terminate 
in a point, or the levels will be vitiated. Its base ought to be about 1^ in. in diameter. The for- 
ward staff U rather longer tlian tue foregoing, but Tins a fixed vane, painted white, whose centre 
is oxiictly the same height from the ground as ttie pin-hole of the quadrant sight. The centre ia 
denoted by a dot in the middle of a black horizontal line. 

The tracer holds the instrument in his hand, havine adjusted the armature by the scale and 
vernier to the angle of inclination suited to tne slope of the ground. A slope of 1 in 20, correspond- 
ing to 2^ 52', or to within a few minutes .of 8°, should be the maximum, except for temporary 
descent into water-courses, which may be 1 in 12, or 4° 45'. The holder of thu forward staff goes en 
a few yards, an>l is signalled up or down, till the foot of it is restin^: on the line of the required 
slope. The tracer has no difficulty in observiuj? the bubble of the level at the same moment as he 
watches the vane of the staff through the pin-hole sight and cross hairs, and as soon as properly 
placed, he orders a stake to be driven at iU foot. He then moves up to the stake, and sendjs tlie 
stAff-beiirer forward to take up a fresh position, and so on till the line is staked in. A puiy 
follows to open out the line, and when it has been inspected and approved of, the road is finished 
to the full width, with a side drain. 

This simple method of tracing is admirably euited to rough, undulating country, covered with 
forest, where an ordinary spirit-level cmnot be easily carried iibout or set up, and where extreme 
accuracy is not imperative, as in the case of permanent roads. Even a practisi-d eye cannot lay out 
a road on the hillside that would not be found to depart widely from the uniform slope proposed, 
unless the instrument has been in hand all the time ; eye traces, as they are termed, should there- 
fore be proscribed, except on flattish ground, where the slavitih following of the instrument is apt to 
lead to the marking of a tortuous line. If a cutting through a sadSe or 
spur has to be made, it is usual to denote its commencement and end, by 
inserting two stakes instead of one, and at descents into streams, the same 
course must be observed. Great care should be exercised that the latter are 
formed with due regard to fiftcility of passage, fur many an excellent road- 
traoe is marred by insurmountable difflcnltios at the steep banks ot rivers, or 
headlong ramps. 

Anotner instrument used for the same purpose is De Lisle*s clinometer, 
Fig. 6573, and represents the first instrument made. It is in two parts, 
separating at the dotted line in the figure. The lower part can be fitted 
on in three positions ; for packing in its case, with the weight e to the left 
of the mirror; for descending slopes, with the arc and weigitt e behind the 
mirror ; for ascending slopes, with the arc and weight e in fiont of the mirror. 

In the more recent instruments, Figs. 6574 to 0578, the lower part does 
not draw off, but revolves on the axis of the mirror, and is retained in the 
required position bv a small spring. The semi-circular arc has two radial 
bars, one c, lieht, the other, /, loaded with a weight e. For level set the bar 
/ agaiost the bar </, and bring the light bar c home in the groove formed 
for its reception in the weight e. For a slope of I in 50 leave / against g^ 
and move the light bar c against the top h. For any other slope leave the 
bar c against the top A, and set the bevelled edge of bar / to tne required 
division on the graduated limb of the arc ; see B^g. 6576, where the instru- 
ment is set to 1 in 20. 
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In practice it should be remembered that a fiatter slope should be used in tracing than that 
intendcKi for the finished road, in order to allow for the increased slope due to flattening the carves of 
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the line. Thufi for a road at 1 in 20 the iostrnmrnt ahould he set to 1 in 21 or 22, aooarding to the 
nature of the ground. In using the inBtrumeut a leTelling staff with eliding vane is conyenient. 
The Tane on the staff must he adjusted to the height of the obsenrer's eye. The ohseryer stands at 
the initial point of the trace, and sends an assistant forward with tlie staff to any convenient 
distance ; the observer then holds the instrument up by the ring and makes his assistant move the 
staff up or down the slope of the hill until he g^'ts tlie reflection of the pupil of his eye in the mirror 
and the yone to coincide. A stake is then driven in at the foot of the staff. The observer moves 
forward to this stake and sends his assistant on for the next station, and so on. tn takinti; cross- 
sections of streams the instrument should be adjusted for level, and the vane on the staff moved up 
or down at each station until the requisite coinci ience is obtained. The level is then read off on the 
btaff and entered in the usual manner. In windy weather it may be convenient to suspend the 
instrument in a wooden box with sight holed. Tiie box should be mounted on a light staff, and the 
vane on the levelling staff must bo set to the height of the mirror. When the line is staked out nnd 
considered satisfaotory, a gauge-path should be out and the lino surveyed either by theodolite or 
spirit-level for the plims and estimates. 

The great advantige of this instrument will be found on lines along steep cliffs where a theodolite 
could not be taken without much ribk of injury. It will also save the tedious labour of setting up 
and levelling a theodolite at numerous successive stutions. 

The reflecting level, a small instrument that can be put in the waistcoat-pocket, case and all, is 
a most useful little instrument for tracing out a line of road through tho liills. The instrument 
itself, when drawn out tt> its full extent, does not exoeeil 6 in., and is little more than jf in. in 
diameter. On the top of it is a small spirit-level, and inside the tube a reflector, so placed, that 
when looking through the iubtrument you can observe where the bubble is on tlie centre of the 
run, ut which time the metal reflector shows just one-half of the air-bubble. The line of vision along 
the bottom of the reflector is a horizontal line, so that any point which the line intersects is level 
with the eye of the observer. 

For selecting the general line of road, therefore, this instrument is most useful, as it enables you 
to select points of equal altitude with the point of observation, and thus, for the preliminary survey, 
it enables you to determine the general direction the road should take, and what points should be 
olosedon. 

Before, however, selecting a new line of road, certain points should be determined on, which will 
altogether depend on the object for which the road is intended. As, for example, if only for a foot- 
path the gradients may be as grant as 1 in 5; a bridle-path, 1 in 7|; laden mules, say, 1 in 10; 
camels, 1 in 15 ; wheeled carriages, 1 in 25 ; and these gradients should never be exceeded. 

The average gradients for tiie whole length of road where the great object is to ascend a hill 
would probably m, for footpath, 1 in 7| ; horses, 1 in 10 ; mules, laidcn, 1 m 15 ; camels, 1 in 20 ; 
carts, 1 in 50. The advantage of not being confined to one particular g^dient is manifest, as by 
a change in the gradient the muscles have a different action to pirform, so there is not that one 
constant strain on them. 




Wht 

have 

may be flrmly supported. Witli a rope 50 ft. long, having a knot on it 87} ft., and a hatchet for 

clearing away bush tangle, nothing more is required but stokes for staking out the line. 

It is evident that, havins^ an instrument looking along a horizontal line, if a point on the hill-side 
be fixed on the same level as that of the instrument, and 87} it. dibtant from it, the gradient is 
exactly 1 in 7}, and at 57 ft. 1 in 10, if measured from the top of the staff; but as this may not be 
convenient, allowance can be made for the extra length of the hypoLhcnube, but practically it is 
nothing, and may bo left out. It may be said, therefore, that from 37} to 50 ft. is the length of the 
tether when a bridle-road is to be traced out, and stidces driven at the same level as the instrument 
will give a gradient of 1 in 7} at 37} ft., so all that is required is to see the gronnd at these distances, 
or any diataiiccs between, to keep the gradient right while working up-hill. This, however, entiila 
a gooid deul of clearing away bush, so it is better, if possible, to work down-hill. In this case a 
10-ft. rod is required, double the height of the instrument, and all one has to do is to look at the top 
of the rod and see that it is at the proper level. 

Where the gradients are less steep, the rope has simply to be lengthened ; as, for example, ^hcre 
the gradient is to be 1 in 52, the length of rope mubt be 25 x 5 = 125 ft., and any distance beyond 
the 125 ft. must make the gradient less steep. 

The stakes laid down are on the centre line of the intended road, and in order to open it out a 
strong line most be stretched from the one stake to the other. This allows of the gradient being 
worked to with sufficient accuracy. 

Permanent Roads, — SeU-ctwn of i?ou^.— Suppose that it is desired to form a road between two 
distant towns, A nnd B, Fig. 6579, and let us, for the present, neglect altogcthw the considt. ration 
of the physical features of tne intervening country, assuming that it ^.^^ 

is eoually favourable whatever line we select. Now, at first sight, it *V ' 

would appear that under such circumstances a perfectly straight line .7' • 

drawn from one town to the other would be tlie best that could be . y^'' 

chosen. On a more careful examination, 1 owcver, of the locality, we y' 

may find that there is a third, town, G, situated somewhat on one side .,-'' 

of the straight line which we have drawn from A to B ; and although j^ *'' 1 ^ 

our primary object is to connect only the two latter, that it would 

nevertheless be of considerable service if the whole of the three towns were put into mutual connec- 
tion with each other. Now this may be effeoti'<l in three different wavs. any one of which might, 
under certain oiroumstances, be the best. In the first place, we might, as originally suggested 
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fonn a straight road from A to B, and, in a similar manner, two other straight roads from A to G, 
and from B to C, and this would be the most perfect way of effecting the object in view, the dis- 
tance between any two of the towns being reduced to the least possible. It would, however, be 
attended with considerable expense, and it would be reauisite to construct a much greater length 
of road than according to the second nlan, which would oe to form, as before, a straight road from 
A to B, and from O to construct a roaa which should join the former at a point D, so as to be per- 
pendicular to it The traffic between A or B and G would proceed to the pomt D, and then turn off 
to G. With this arrangement, iihile the length of the roeuda would be very materially decreased, 
<mly a slight increase would be occasioned in the distance between G and the other two towns. 
The third method would be to form only tlie two roads A G and G B, in which case the distance 
between A and B would be somewhat increesed, while that between A and G, or B and G,'would 
be diminished, and the total length of road to be constructed would also be lessened. 

As a general rule it may be taken, that the Inst of these methods is the best^ and most oonve- 
nient for the public, that is to say, that if the physical character of the country does not determine 
the course of the road, it will generally be found best not to adopt a perfectly straight line, but to 
vary the line so as to pass tlirough all the principal towns near its general course. According to 
the first arrangement, any yehicles established to convey passengers or goods between the two 
terminal towns would pass through air those which were intermediate while, if the straight line 
and branch-road system were adopted, it would be requisite also to have a branch service to meet 
the service on the main line. 

In laying out a road in an old country which has been long Inhabited, and in which the position 
of the various towns requiring road accommodation is already determined, we are left less at liberty 
in the choice and selection of the line of road, and must be glided in that choice by different con- 
siderations to those which would determine the line of a road made through a new oountry, where 
the cmly object is to establish the easiest and best road between two distant stations. In the first 
case we should take into consideration tlie position of the various towns and other inhabited 
districts situated near the intended road, and its course would be, to a certain extent, controlled 
thereby ; while, in the second case, we should simplv examine the physical characters of the 
oountry, and base all our proceedings on the result, whichever of these two oases, however, may 
have to be dealt with, in the ultimate selection and adoption of the line of road between ^ose points 
which are fixed by other circumstances, the same careful examination of the physical character of 
the country should be made, and the same principles should control the choice. 

A very good idea of the best direction for a road may be obtained by laying out a series of 
preliminary lines, as in Fig. 6580. Let A B be a portion of the intended 'line, and G G the 
oreadth of oountry under consideration. At 
any suitable distances select stations BBS, 
their distances apart depending on the changes 
of level, and let the principal line A B, and 
also the eross lines GG, GG, Fig. 6580, be 
accurately levelled, and then drawn, on the 
plan of tne line of the road. If the distance 
G G is required to be oonsiderable, perhaps an 
additional line in the principal direction may 
be necessary. The etched lines show the form 
of the surface at the lines A B, G G on the plan 
of the latter being sections at right angles to 
AB, there is no difSoulty in seeing the ex- 
tent of cutting or of eml)ankment that may be avoided by varying the position of the intended 
line. A plan of this description to a person conversant witn sections is as eood as a model of the 
country. In selecting the line for a permanent road, useless ascents shonld be avoided as much 
as possible, thnt is, ascending where a subsequent descent must be made, and the reverse. When 
a Ime of road is encumbered witli numerous and extensive useless ascents, the wasteful expendi- 
ture of power in the conveyance of goods is very great, as the number of feet actually ascemled 
is increased many times more than is necessary, if such height, when once gained, were not lost 
again. As one instance, amongst others, of tlie serious injury which the public sustains by this 
system of road-making, the road between London and Barnet may be mentioned, on which the 
total number of perpendicular feet that a horse must now ascend, is upwards of 1300, although 
Barnet is only 500 ft. higher than London, and in going from Barnet to London, a horse 
must ascend 800 ft, although London is 500 ft. lower than Barnet. Another instance of this 
defect in road engineering is observable in the line of tlie old road across the Island of Anglesea, 
on which a horse was obliged to ascend and descend 1283 perpendicular feet more thim was 
found necessary by Telford when he laid out the present new line, as shown by the annexed 
Table :— 



«80. 




Old road 
New road 

Difference 



Height of Sninmit 
Above Hi^ V^ater. 



Total Rise 
andFalL 



839 
193 



146 



3540 
2257 



1283 



Length. 



miles, yards. 
24 428 
21 1596 



592 
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III choosing the best direction for a line of roadway, the rate of inclination which oan be 
obtained, with a modemte outlay of capital in cuttings and embankments, is a conaideration of 
greater imporiince than the mere maintaining of a direct line. 

Gradients and Tractive Iie.>istiince. — In the C:i8e of an ordinnry metalled road the maximum 
gradient is fixed bv two considerations, one relating to the power expended in ascending, the other 
to the acceleration m descending the incline. 

The ascent should not be fo steep as to prevent the horses taking up the full load which they 
oan draw on the level. Now a horse will exert for a short time twice the avenge tractive pull 
which he can exert continuously throughout a day's work. Hence, so long as the resistance on the 
gradient is not more than double the resistance on the level, the horse will be able to take up the 
full load which he is capuble of drawing. If the resistance to traction on metalled roads is taken 
at one-thirtieth of the load on the wheels, then the maximum gradient should not exceed I in 30 ; 
btcause on that slope the gradient resistance is equal to the resistance on the level, and the total 
resistance exactly doubled. 

Again, in regard to descending, it may be assumed that the slope should not be so great that 
the gravity acting down the slope should exceed the resistance to traction, because in that case the 
carriages or wagons would tend to accelerate in velocity under the action of gravity alone, and 
brakes would have to be used to control the descent, causing a wast-j of work in friction. This con- 
sideration a^in fixes the maximum gradient desirable on metalled roads at 1 in 30. For a short 
distance, steeper gradients of 1 in 20 and 1 in 15 may be adopted with economy, but their number 
should be as few as possible. 

Wheel-carriages and sledges are the vehicles capable of plying on roads. The latter are only 
suitable for roads in which the surface is either too soft or too steep to admit of the use of the other 
description. The tractive resistance of sledges has not been aouurately ascertained. It is stated by 
Eossok that the resistance of an iron-shod sledge on hardened snow is about one-thirtieth of the 
gross load. The resistance of wheel-carriages on roads consists of a constant quantity and a quan- 
tity increasing with the velocity of transit. Putting B for the radius of the wheels in inches, Y for 
the velocity in feet per second A and B for the two constants, we have for F, the proportion to 

1 A 4- B rV — 3*28^ \ 
the gross load, F = -^^ — . When the carriages are on springs F, for wheels of 

18 in. diameter, and V equals 14*67 and 7*33 respectively, the values for A are 0*4 to '55 for good 
broken stone roads and 0*27 to 0*39 for pavements. The corresponding values for B are 025 and 
0*068 to 003. When Y has a value of 14*67 that of F is for roads of broken stone 0038 to 046, 
and for pavements 0*060 to 0*041. When Y = 7*33, F has values of 0*028 to 0*036, and 0*030 to 
0*028. When the carriages have no springs, the value of the constant B is 3 5 that for carriages 
with springs. Table I. is deduced from experiments made by John MacneiU. 

Table I. 

F. 

Btone pavement 0*015 

Broken-stone road on firm foundation * 020 

Broken-stone road on flint foundation * 029 

Gravel road 0067 

Soft sandy and gravelly ground 0*143 

If W be the greatest gross load to be conveyed, 8 the sine of the angle of the inclination of the 
gradient, then the maximum resistance will equal W (F + B\ If P be the greatest tractive force 
which can be exerted in ascending the gradient, then we have P not less than W (F -f 8), or 8 

p 

should not be greater than ^ — F. This condition is essential, and fixes the inclination of the 

W 

ruling gradient 

The following are the general results of the experiments made by Morin upon this subject ;— 

1st The traction is directly proportional to the load, and inversely proportional to the diameter 
of the wheel. 

2nd. Upon a paved or hard macadamized road, the resistance is independent of the width of the 
tire, when it exceeds from 8 to 4 in. 

3rd. At a walking pace the traction is the same, under the same cironmstances, for carriages 
with springs and without them. 

4th. Upon hard macadamized and upon paved roads, the traction increases with the velocitv ; 
the increments of traction being directly proportional to the increments of velocity above the 
velocity 3 28 ft. a second, or about 2} miles an hour. The equal increment of traction thus due to 
each equal increment of velocity is less as the road is more smooth, and the carriage less rigid or 
better hung. 

5th. Upon soft roads of earth, or sand, or turf, or roads fresh and thickly gravelled, the traction 
is indepenaent of the velocity. 

6th. Upon a well-made and compact pavement of hewn stones, the traction at a walking pace is 
not more than three-fourths of that upon the best macadamized roads under similar circumstances, 
and at a trotting pace it is equal to it 

7th. The destruction of the road is in all cases greater, as the diameters of the wheels are leas, 
and it is greater in cnrriitges without than with springs. 

The general results obtained by John Macneill are given in the following Table, the 
numbers in which exhibit the tractive force requisite to move a weight of a ton under ordinary 
oironmstanoc, at a very low velocity upon the several kinds of road mentioned. 
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Tabu n. 



Descr^ittonofBoed. 



On a well-made paTement 

On a rocul made with 6 in. of broken stone of great hardness, laid either on a fonnda-' 

tion of large stones, set in the form of a pavement, or upon a bottoming of oonorete, 
On an old fl£it road, or a road made with a thick coating of broken stone, laid on 

earth / 

On a road made with a thick coating of gravel, laid on earth 



required to 
IIIOT6 a ton. 



83 
46 

65 
147 



Maoneill has also given the following formnlie for oaloolating the resistance to traction on 
various kinds of roads. They have been deduced from a considerable number of experiments made 
on the different kinds of rood specified below, with carriages moving at various velocities. Putting 
B for the force required to move the carriage. W the weight of the carriage, to that of the load, all 
expressed in pounds, v the velocity in feet a second, and c a constant number, which depends upon 
the surface over which the carriage is drawn, and the value of which for aevcural different kinds of 
roads '- as follows; — 

On a timber surface c= 2 

On a paved road c= 2 

On a well-made broken-etone road, in a dry, clean state c = 5 

On a well-made broken-stone road, covered with dust c =: 8 

On a well-made broken-stone road, wet and muddy .. e = 10 

On a gravel or flint road, in a dry, clean state .. .. c = 18 

On a gravel or flint road, in a wet and muddy steto .. o = 82 

"W J» to m 

We have, in the case of a common stage wagon, B = — — h 77; + cv; and in the case of a 

stage coach, B = —j^- +55 + 0©. 

As an example. What force would be required to move a stage coach weighing 2060 lbs., and 
having a load of IIOO lbs., at a velocity of 9 ft. a second along a broken-sUme road covered with 

dust? « 

_ . 2060 -moo . 1100 , „ ^ ,oi»,,i. * *v * .J 

Here we have =jrT h —rjr- + 8 x 9 = 181* 1 lbs. for the force required. 

100 40 

We may now consider the additional resistance which is occasioned when the road, instead of 
being level!, is inclined in a greater or less degree. In order to simplify the question, let us suppose 
the whole weight to be supported on one pair of wheels, and that the tractive force is applied in a 
direction parallel to the surface of the road. On this supposition let A B in Fig. 6581 represent a 
portion 01 the inclined road, G being a carriage Just sustained in ite 
position by a* force acting in the dii-ection CD. It is evident that the ^BSi. 

carriage is kept in its position by three forces, namely, by ite own 
weight W acting in the vertical direction C F, by the force F applied 
in the direction C D, parallel to the surface of the road, and by the 
pressure P which the carriage exerte against the surface of the road 
acting in the direction E, perpendicular to the same. To determine 
the relative magnitude of these three forces, draw the horizontal line 
A G, and the vertical one B G ; then, since the two lines F and B G 
are parallel, and are both cut by the line A B, they must make the two 
angles G F B and A B G equal ; also the two angles G £ F and A G B are equal, being both right 
angles ; therefore the remaining angles F G £ and B A G are equal, and the two triangles F E 
and A B G are similar. And as the three sides of the former are proportional to the three forces by 
which the carriage is susteiued, so also are the three sides of the latter, namely, A B, or the length 
of the road is proportional to W, or the weight of the carriage B G, or the vertical rise in the same 
to F, or the force required to sustein the carriage on the incline, and A G on the horizontal distance 
in which this rise occurs to P, or the force with which the carriage presses upon the surface of the road. 

We have therefore W : AB :: F : GB, and W : AB :: P : AG. And if we give to A G such 
a value that tlie vertical rise of tiie road is exactly 1 ft, we shall have 




F = 



W 



W 



^^ VAG»-hl 



= W.sin.ft and P = 



W.AG 



W.AO 



^^ Vag« + i 



= w.co8.^, 



in which /3 is the angle BAG. 

Exannpk, — ^What is the force required to sustein a carriage weighing 8270 lbs. upon a road, the 
inclination of which is 1 in SO, and what is the pressure of the same upon tiie sur&ce of the road? 

Here the horizontal length of the rond A G being 80, the inclined length A B = VA G' 4- 1 is 
80*017, and we have, bv the first rule, 3270 -^ 30*017 = 108*93 lbs. for the force reonired to sustain 
the carriage on the road ; and, by the second rule, (8270 x 30) -h 80 - 017 = 3269 * 9 lbs. for the prea- 
sure of the carriage upon the surface of the road. 

Since the pressure of a carriage on a sloping road is found by multiplying ite weight by the 
horizontal length of the road, and dividing by the inclined length, and as the former is alwavs less 
than the latter, it follows that the force with which a carriage bears upon an inclined road is less 
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than its actual weight, as will be seen in the foregoing example, in which it is about 2 lbs. less. 
Unless the inclination is very steep, it is not necessary to calculate tiie pressure, which may be 
assumed to be equal to the weight of the carriage. 

If R expresses the resistance which has to be overcome in moving any particular carriage at a 
given rate upon a horizontal road, then B x F will be the resistance upon ascending a hill, and 
B -- F upon descending a hill, with the same velocity, in both cases neglecting the decrease in the 
weight 01 the carriage produced by the incliuation of the road. Taking, however, this decrease into 
consideration, the following modification in the formuls will be requisite to adapt them to an 

(W J- to w \ 
gg + TqJ . cos. /5 :f (W + w) . sin. — /3 + o© . in the case of a common 



(W + to w\ 
""Too" ■*■ in) • ^'^ '^^ ^^ + "'^ . sin.iB + ct> . the 

upper sign being taken when the vehicle is drawn down the incline, and the lower when it is drawn 
up tlie same. 

Neglecting the decrease in the weight of the carriage, in order to ascertain the tesifitance in 
passing up or down a hill, we have only to calculate by the rule already g;iven the resistance on a 
level road, to which, if the carriage ascends the hill, we must add, or if it descends, subtract, the 
force requisite to sustain the carriage on the inclined road, calculated by the proper rule. The sum 
or difference, as the case may be, will express the resistance required. 

As an example, let us take, as before, the case of a stage coadh weighing 2060 lbs., besides a 
load of 1100 lbs., and having to be moved at a velocity of 9 ft. a second cdong a broken-stoue road 
whose surface is covered with du^ti and inclined at the rate of 1 in 30. 

Q1 £*A 

Then the force to sustain the coach on this slope will be ~^^ = 105*3 lbs., which, added to the 

30 

force already found as being requisite to move the same coach on a level road, will be 

(105*3 + 131 *1 =) 236*4 lbs. 

for the force required to move the coach with a velocity of 9 ft. a second up an inclination of lin 
30; and subtracted from the same, will be (131*1 — 105*3 =) 25*8 Ibe., the force required to moTO 
the coach with the same velocity down the same inclination. 
The same example worked by the formula will give 



/2060 + 1100 
V 100 



+ ^) -9995 + (2060 + 1100) '0388 + 8x9 = 286*3 lbs. 



when the carriage is drawn up the indine, and 



^2060_+_1100 ^ llMj .^^^ _ ^2^^ ^ jj^j .^ggg -8x9 = 25*84 lbs. 



100 



40 



when the carriage is drawn down the incline, the result being the same- as that given by the rule. 

Table III. has been calculated in order to show with sufficient exactness for must practical 
purposes the force required to draw carriages over inclined roads, and the comparative advantage of 
such roads and those which are perfectly level. The first column expresses the rate of inclination, 
and the second the equivalent angle ; the two next columns contain the force reauiaite to draw 
a common stage waeon weighing with its load 6 tons, at a velocitv of 4*4 ft. a secona, or 3 miles an 
hour, along a macaouunized road in its usual state, both when the hill ascends and when it descends ; 
the fifth and sixth columns contain the length of level road which would bo equivalent to a mile in 
length of the inclined road; that is, the length which would require the same mechanical force to 
be expended in drawing the wagon over it as would be necessary to draw it over a mile of the 
inclined road ; the four next columns contain the same information as the four last described, only 
with reference to a stage coach supposed to weigh with its load 8 tons, and to travel at the rate <» 
8*8 ft. a second, or 6 mues an hour. 

Table HE. 



Bate of 

Inclina> 

tSon. 



lin 600 

575 
550 
525 
500 
475 
450 
425 
400 
375 
350 



n 
n 

n 
w 
n 
i> 
>» 
it 
n 
n 



Angle with 
Uwborixon. 



For a Sti^ Wagoo. 



Forae 
required 
to draw 

the 

wagon up 

the 

Incline. 



Force 

required 

to draw 

the 

wagon 
doMm the 

Incline. 



Equivalent 
length of 
level road 

for an 
atctndii^ 

wagon. 



n 

















5 44 

5 59 

6 15 
6 33 

6 53 

7 14 

7 38 

8 5 

8 36 

9 10 
9 49 



lbs. 


lbs. 


286 


241 


287 


240 


288 


239 


289 


238 


291 


237 


292 


235 


294 


234 


295 


232 


297 


230 


300 


228 


302 


225 



miles. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



085 
088 
093 
097 
102 
107 
113 
120 
128 
136 
146 



Equivalent 
leogth of 
level road 

for a 

detcemUng 

wagon. 



miles. 

•9150 

*9116 

•9074 

"9029 

•8979 

•8926 

•8869 

*8801 

•8725 

•8642 

•8543 



For a Stage Coach. 



Foroe 

required 

to draw 

theooadi 

«rp the 
incline. 



Force 

required 

to draw 

the coach 

down the 

incline. 



Equivalent 
length of 
level road 

for an 
a»oending 

coach. 



Ihs. 

373 

373 

374 

374 

375 

376 

377 

377 

378 

380 

381 



lbs. 
350 
350 
349 
349 
. 348 
347 
347 
346 
345 
344 
342 



milrs. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



030 
032 
033 
035 
037 
039 
041 
043 
046 
049 
053 



Equivalent 

lensthof 

levdroad 

for a 

daoending 

cft fK* hi 



miles. 

*9()90 

•9676 

*9662 

*9646 

•9629 

*9605 

*9588 

*9563 

•9535 

•9505 

•9469 
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Table JlL^continued, 









For a Stage Wagon. 






For a Stage Goach. 




RfltAOf 


Force 
required 
to draw 


Force 
required 
to draw 


1 

Equivalent Equivalent 


Force 


Force 


Equivalent Eq 


[uiviJent 


^VilM^ V* 


Angle with 


length of k 


ngth of 
velroad 


required 


required 


length of le 


ngthof 


t&on. 


the horUon. 


level rood le 


to draw 


to draw 


level road le 


velroad 




the 


tbe 


for an 


for a 


the coach 


the coach 


for an 


for a 






wagon HP 

tlie 
incline. 


wagon 

down the 

Incline. 


oioending deaeendimg 


up the 


doiMithe 


oioending dei 


Kending 






wagon y 


iragon. 


Incline. 


incline. 


coach. 


ooaciL 




O 1 N 


lbs. 


Iba. 


niilea. 


mllea. 


iba. 


ItM. 


miles. 


miles. 


1 in 325 


10 35 


805 


222 


1157 


-8433 


882 


841 


1056 


•9430 


„ 300 


11 28 


309 


219 


1170 


-8301 


384 


839 


1-061 


•9381 


„ 290 


11 51 


310 


217 


1176 


8245 


385 


338 


1064 


•9858 


„ 280 


12 17 


312 


216 


1-182 


•8179 


886 


338 


1*066 


•9336 


„ 270 


12 44 


314 


214 


1-189 


•8111 


386 


337 


1068 


-9314 


„ 260 


13 13 


315 


212 


1-196 


•8039 


387 


336 


1-071 


-9286 


„ 250 


13 45 


317 


210 


1-204 


•7963 


888 


335 


1-074 


•9259 


„ 240 


14 19 


320 


208 


1-212 


•7876 


890 


334 


1-077 


-.9226 


„ 230 


14 67 


822 


205 


1-222 


•7785 


391 


332 


1-080 


'9192 


„ 220 


15 37 


325 


203 


1-232 


•7683 


892 


331 


1-084 


•9156 


„ 210 


16 22 


823 


200 


1243 


7573 


894 


330 


1-088 


•9115 


„ 200 


17 11 


831 


197 


1-255 


•7451 


395 


328 


1092 


•9071 


„ 190 


18 6 


334 


193 


1-268 


•7319 


397 


326 


1*097 


•9024 


„ 180 


19 6 


338 


189 


1 283 


■7171 


399 


324 


1-103 


•8968 


„ 170 


20 13 


843 


185 


1-300 


•7004 


401 


322 


1109 


•8908 


„ 100 


21 29 


348 


180 


1-319 


6814 


404 


820 


1116 


•8839 


„ 150 


22 55 


353 


174 


1-341 


G587 


406 


317 


1123 


•8761 


„ 140 


24 83 


360 


168 


1-864 


6859 


410 


314 


1132 


-8673 


„ 130 


26 27 


367 


160 


1892 


6079 


413 


810 


1*142 


-8573 


„ 120 


28 39 


876 


152 


1-425 


5752 


418 


306 


1-154 


8451 


„ 110 


31 15 


386 


142 


1-451 


5491 


423 


800 


1169 


-8308 


„ 100 


84 23 


898 


129 


1-610 


•4908 


429 


294 


1-185 


8142 


„ 95 


86 11 


405 


122 


1-537 


-4634 


432 


291 


1-195 


-8046 


„ 90 


38 12 


413 


114 


1-566 


4838 


436 


287 


1-206 


•7937 


„ 85 


40 27 


422 


106 


1-600 


-4004 


441 


282 


1-219 


'7801 


„ 80 


42 58 


432 


96 


1-637 


8629 


446 


278 


1-232 


•7677 


» 75 


45 51 


443 


85 


1-680 


3204 


451 


272 


1*247 


•7522 


„ 70 


49 7 


456 


72 


1-728 


2719 


457 


266 


1-265 


•7345 


„ 65 


52 54: 


470 


67 


1-784 


•2161 


465 


258 


1-285 


•7143 


„ 60 


57 18 


488 


40 


1-850 


•1506 


474 


250 


1*309 


•6903 


„ 55 


1 2 30 


508 


19 


1-926 


•0738 


484 


239 


1-337 


•6620 


" 50 


18 6 


633 


• » 


2-019 


• • 


496 


227 


1-371 


•6283 


„ 45 


1 16 24 


562 


• • 


2-133 


• • 


511 


212 


1-412 


-5871 


40 


1 25 67 


600 


• • 


2-274 


• • 


630 


194 


1-464 


•5354 


;; 35 


1 88 14 


648 


• • 


2*456 


• • 


554 


170 


1-630 


•4690 


„ 34 


1 41 8 


659 


• • 


2-499 


• t 


559 


164 


1-546 


•4535 


„ 83 


1 44 12 


671 


■ ■ 


2-544 


• • 


665 


168 


1*562 


•4370 


» 32 


1 47 27 


684 


• • 


2 593 


• • 


672 


152 


1-580 


-4193 


;; 81 


1 50 55 


697 


• • 


2-644 


• • 


678 


146 


1-599 


•4007 


» 30 


1 54 37 


712 


• • 


2-699 


• • 


686 


138 


1-619 


•3805 


1. 29 


1 58 34 


727 


• • 


2 '758 


• ■ 


693 


130 


1*640 


•3592 


„ 28 


2 2 5 


744 


• • 


2-820 


• « 


602 


122 


1-663 


•a363 


WW 

n 27 


2 7 2 


762 


« • 


2-888 


• « 


610 


113 


1-688 


•3119 


:; 26 


2 12 2 


781 


• • 


2 960 


• • 


620 


103 


1*714 


•2854 


„ 25 


2 17 26 


801 


• • 


3 038 


• • 


630 


93 


1-743 


•2566 


„ 24 


2 23 10 


823 


•• 


8-120 


• ■ 


641 


82 


1-774 


•2257 


„ 23 


2 29 22 


847 


• • 


3-213 


• a 


653 


69 


1-808 


•1919 


n 22 


2 36 10 


874 


* • 


3-313 


• • 


666 


66 


1 844 


•1554 


„ 21 


2 43 35 


903 


a m 


3 423 


• • 


681 


42 


1-884 


•1150 


» 20 


2 51 21 


933 


• ■ 


3-538 


■ • 


696 


26 


1-926 


•0730 


„ 19 


3 46 


970 


• • 


3 677 


• • 


714 


8 


1*977 


•0221 


„ 18 


3 10 47 


1009 


• • 


3-826 


• • 


734 


.. 


2 032 


• • 


„ 17 


3 21 59 


1053 


• • 


3-991 


• • 


756 


• • 


2-092 


■ • 


„ 16 


3 34 35 


1102 


• • 


4-178 


• • 


780 


. a 


2-160 


• • 


„ 15 


8 48 51 


1157 


• • 


4-888 


• • 


807 


• • 


2-234 


• • 


,! 14 


4 5 14 


1221 


• • 


4-629 


• • 


839 


• • 


2-322 


• • 


„ 13 


4 23 56 


1294 


• • 


4-906 


• • 


875 


• • 


2-423 


a • 


n 12 


4 45 49 


1379 


a • 


5-229 


• 9 


918 


• • 


2*640 


• • 


» 11 


5 11 40 


1480 


• • 


6-611 


a a 


968 


• • 


2*679 


• • 


H 10 


5 42 58 


1600 


• t 


6-067 


• • 


1028 


• • 


2-846 


• a 


n 9 


6 20 25 


1747 


• • 


6*623 


• * 


1101 


• • 


3048 


• « 


,. 8 


7 7 30 


1929 


•• 


7-315 


• • 


1192 


• • 


3-300 


• a 


n 7 


8 7 48 


2162 


« • 


8-199 


• • 


1308 


•• 


3-621 


• • 
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The foregoing Table may be considered as afibrding a view of tbe oomparati?e disudvantage of 
hilly road;* with light and heavy traffic. The stage wugon, weighing 6 tons, and travelling at tho 
speed of 3 miles an hour, may be token as a fair average for goodiB traffic, and the stage coach, 
weighing 3 tons, and running 6 miles an hour, for passenger trs&a From the Table we perceive 
that hills act much more unfavourably on the former than on the latter. The force which would be 
requisite to more the wagon on a level road would be 264 lbs., and that to move the coach 3G2 lbs., 
being an excess of 98 lbs. for the traction of the coach; but with a rued inclined at the rate of 1 in 
600, this excess is only (373—286) = 87 lbs., and when the inclination of the road amounts to about 
1 in 70 the forces required to draw them become equal. As the incliuation of the road incrt^ases 
beyond this, the excess of the force requisite to draw tlie wagon over that necessary to move the 
coach increases rapidly, until, at an inclination of 1 in 7, it amounts to (2162 — 1308) = 85i lbs. 

If we compare the forces required to draw either the wagon or ooach up and down any given in- 
cline, we shall And that the former is as much greater tlian the force required on a level road as the 
latter is less than the same. It might thence be concluded that in the case of a vehicle passing 
alternately along the road, no real Toss would be occasioned by the inclination of tiie rood, since as 
much power would be gained in the descent of the hill as was lost in its ascent. Such is not, how- 
ever, practically the fact, for while the inclinations of tho road render it necessary in the ascending 
journey to have either a greater number or more powerful horses tlian would be requisite if the 
road were eutirely level, no corresponding reduction can be made in the descending journey, as there 
must bo horses sufBciunt to draw the vehicle along the level portions of the road. 

Table IV. 



Gradient 



Vertical 

rise In a 

mile. 



Vertical 

rlriu in a 

cbalu. 



An^letf 
wbicii gra- 
dient mokea 

with the 
boriaontaL 



Sine of 
angled. 



Gradient 



Vertical 

riiiolna 

mile. 



Vertical 

rine in a 

chain. 



Angle 9 
which gra- 
dient makes 

with the 
horisontal. 



Sine of 
angle $. 



1 






O > II 




1 






O / N 




1 in 10 


528 


6-60 ■ 


5 42 58 


-09960 


linOO 


88*0 


1-10 


57 18 • 


01667 


„ 11 , 


480-0 


6-00 


5 11 40 


•09054 


„ 65 


81-2 


1-02 


52 54 « 


01531) 


„ 12 


440-0 


5*50 ' 


4 45 59 


-08309 


„ 70 


75*4 


•94 


49 7 ■ 


01429 


„ 13 


406*1 


5-08 . 


4 23 56 


-07670 ' 


„ 75 


70*4 


•88 


45 51 ' 


01334 


„ 14 


3771 


4-71 


4 5 14 


•07128 


„ 80 


66*0 


•82 


42 58 • 


01250 


» 15 


3520 


4-40 


3 48 51 


•06652 


„ 85 


62*1 


•78 


40 27 , • 


01177 


» 1« 


8300 


4-12 


3 34 35 


•06238 


» 90 i 


58*7 


-69 


38 12 • 


01111 


n 17 


810-6 


8-88 


3 21 59 


•05872 


„ 95 : 


55*6 


•69 


36 11 • 


01053 


p 18 


293-3 


8-67 


3 10 47 


-05547 


„ 100 


52*8 


-66 


34 23 • 


01000 


„ 19 


277-9 


3-47 


3 46 


•05256 


„ 110 


48*0 


-60 


31 15 • 


00909 


„ 20 


264-0 


3-30 


2 51 21 


-04982 


„ 120 


44*0 


-55 


28 39 ' 


00833 


» 21 


251-4 


3-14 


2 43 35 


-04757 


„ 130 


40*6 


-51 


26 27 • 


00769 


„ 22 


240-0 


8-00 


2 36 10 


•04541 


„ 140 


37-7 


•47 


24 33 • 


00714 


„ 23 


229*6 


2-87 


2 29 22 


•04344 


„ 150 


35*2 


•44 


22 55 • 


00666 


„ 24 


220 


2-75 


2 23 10 


•04163 


„ 160 


33-0 


•41 


21 29 • 


00625 


„ 25 


211-2 


2*64 


2 17 26 


•03997 


„ 170 


31-1 


•39 


20 13 • 


00588 


n 26 


203-1 


2-54 


2 12 2 


•03840 


„ 180 


29-3 


•37 


19 6 • 


00556 


„ 27 


195*5 


2-42 


2 7 2 


•03694 


„ 190 


27-8 


•35 


18 6 • 


00527 


„ 28 


188*5 


2-36 


2 2 5 


•03551 


„ 200 


26-4 


•33 


17 11 


00500 


« 29 


182* 1 


2-28 


1 58 34 


•03448 


„ 210 


25*1 


•31 


16 22 ' < 


00476 


„ 30 


176 


2-20 


1 54 37 


-03333 


„ 220 


240 


•30 


15 37 


00454 


„ 31 


170-3 


2-13 


1 50 55 


•03226 


,,230 


230 


•29 


14 57 . 


00435 


„ 32 


165*0 


2-06 


1 47 27 


•03125 


„ 240 


22-0 


-27 


14 19 • 


00417 


„ 33 


160-0 


200 


1 44 12 


•03031 


^250 


21-1 


•26 


18 45 


00400 


„ 34 


155-3 


1-94 


1 41 8 


•02941 


„ 260 


20*3 


•25 


13 13 < 


00385 


,35 
,>36 


160-9 


1-88 


1 38 14 


•02857 1 


„ 270 


19-6 


-24 


12 44 ; • 


00370 


146-7 


1-86 


1 35 28 


•02777 : 


„ 280 


18*9 


-24 


12 17 ' 


•00357 


„ 37 


142-7 


1-78 


1 32 53 


•02702 


„ 290 


18-2 


•23 


11 51 


•00345 


„ 38 


138-9 


1-74 


1 80 27 


-02631 i 


„ 300 


17*6 


•22 


11 28 


•00334 


„ 39 


135-4 


1-69 


1 28 8 


-02563 I 


,,326 


16-2 


•20 


10 35 


■00308 


„ 40 


132-0 


1-65 


1 25 57 


-02500 


„ 850 


15-1 


•19 


9 49 


•00267 


„ 41 


128-8 


1-61 


1 23 50 


* 02438 


„ 375 


14-0 


-18 


9 10 


•00267 


n 42 


125-7 


1*57 


1 21 50 


-02380 


„ 400 


13-2 


-17 


8 36 


•00250 


„ 43 


122-8 


1*53 


1 19 56 


-0-2325 


,,425 


12*4 


•16 


8 5 


-00235 


« 44 


120-0 


1-50 


1 18 7 


•02272 


1 „ 450 


11-7 


•15 


7 33 


•00222 


„ 45 


117*3 


1-47 


1 16 24 


•02222 


! „ 475 


11-1 


•14 


7 14 


•00210 


„ 46 


114-8 


1-44 


1 14 43 


•02173 


' „ 500 


10-6 


•13 


6 53 


•00200 


« 47 


1 112-3 


1-40 


1 13 8 


•02127 


„ 525 


101 


•12 


6 33 


•00191 


n 48 


1100 


1-37 


1 11 37 


-02983 


„ 550 


9*6 


•12 


6 15 


•00182 


„ 49 


107-7 


1*35 


1 10 9 


•02040 


„ 575 


9-2 


•11 


5 59 


•00174 


„ 50 


105-6 


1-32 


18 6 


•01981 


„ 600 


8-8 


•11 


5 44 


•00167 


» 55 


960 


1*20 


1 280 


•01818 


1 











In a practical point of view, therefore, we may consider that the fifth and ninth columns in 
Table III. express the length of the level road which would be equivalent to a mile of road with 
the stated inclination, the former giving the result for heavy traffic, and the latter for passenger 
traffic. For instance, opposite 1 in 75, we find in the ninth column 1-247 mile, or nearly a 
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mile and a gnarter, stated as the length of a road having that inclination which would be equl- 
yalent to one mile of a similar road perfectly level, because the same force would be requisite to 
move a coach of S tons at a velocity of 6 miles an hour along one as along the other. Although, 
however, they might be considered equal as far as the power requisite for traction was concerned, in 
other respects one might be more advantageous than the other ; as, for instance, the shorter road 
would cost least for repairing, and would occ-upy least time in being passed over. Table III., there- 
fore, merely excesses tlie equivalent length as far as the mechanical power required for the traction 
is concerned. The relative merits in otiier rcspectd depend generally upon so many various circum- 
stances as to render it quite impossible to lay down any specific rules for their det^miuation. 

In Table IV. are given several valuable data for laying down the gradients on roads. The first 
column gives the gradient expressed in the proportion of the horizontal length to that of the per- 
pendicular height. The second and third columns show the vertical rise in miles and chains 
respectively. The fourth column contains the angle of inclination with the horizontal, and the last 
column the sine of the same angle, which will be found to facilitate the necessary calculations. 

Cross-section of Hoods. — ^The subject of the width and transverse furm iv4itch should be given to 
roadd must now be considered. As regards the first, a wide road is the best. It is an error to 
suppose that the cost of repairing a ruad depends entirely upon the extent of its surface, and conse- 
quently increases in the exact ratio of its width. The cost of a mile of road depends more upon the 
extent and nature of the tittfflc, and unless extremes be taken, it may be asserted thiit tne same 
quantity of materia] wou]d be necessary for the repair of a road, whether wide or narrow, which 
was subjected to the same amount of traffic. On the narrow road, the traffic, being confined more 
to one track, would wear the road more severely than when spread over a larger surface. The 
expense of spreading the material over the wider road would be somewhat greater, but the cost of 
the materials might be taken as the same. One of the advimtages of a wide road is, that the wind 
and sun exercise more infiuenoe in keeping its surface dry. The first cost of a wide road is cer- 
tainly greater than that of a narrow one, and that nearly in the ratio of its increased width. 

For roads situated between towns of any importance, and exposed to much tmffic, the width 
should certainly not be less than 80 ft., besides a footpath of 6 ft. In the immediate vicinity 
of large towns and cities^ tUe^idth should be still ftirther increased. No specific rules can, how- 
ever, be ^ven for the width in such situations, aa experience will soon show the width which is 
requisite m any given situation. 

The form to be given to the cross-seotion of a road is a subject of much importance, and one upon 
which much difference of opinion exists. Some advocate a considerable curvature in the upper 
surface of the road, with the view of fieLcilitatiug tlie drainage of its surface, while others object to a 
road being much curved. Again^ some roads have been formed on a fiat surface trunsversoly, and 
others with a dip to the formation surfiBuse each way from the centre, on the supposition that the 
drainage of the road will be thereby facilitated. 

One of the best forms which could be given to a road, is that its oroBs-section should be formed 
of two straight lines inclined at the rate of about 1 in 30, and united at the centre or crown of the 
road by a segment of a circle, having a radius of about 90 ft. This form of section is shown in 
Fig. 6582, and the rate of inclination there given is quite sufficient to keep the surface of a roa-i 
drained, provided it is in good order and free from ruts. If such is not the case, no amount of con- 
vexity which could be given to the road would be of any avail, as the water would still remain in 
the hollows or furrows. This form of cross-section is equally adapted to all widths of road, as the. 
straight lined have merely to be extended at the same rate of inclination, until they meet the side oiT 
the road. 

6582. 






Drainage of Roads. — ^Too much attention cannot be paid to the drainage of roads, both as regards 
their upper surface, and that of the substructure on which they rest. To assist the surface drainage, 
the zoaa should be formed with the transverse section shown in Fig. 6583, and on each side of the road 
a ditch should be formed of sufficient capacity to receive all water which can fall upon the road, and 
of such a depth, and with a sufficient declivity, to conduct the same freely away. When footpaths 
have to be constructed on the sides of the roads, a channel or water-course should be formed between 
them, and small drains, formed of tiles or earthen tubes, such as are used for under-draining lands, 
should be laid under the footpath, at such a level as to take off all the water which may collect in 
this channel, and convey it into the ditch. 

In the best-constructed roads, these side channels should be paved with flints or pebbles. The 
drains under the footpath should be introduced about everv 60 ft., and should have the same inclination, 
namely, 1 in 80, as used for the sides of the rmd, Fig. 6582 ; a greater inclination would be objec- 
tionable. It is a very frequent mistake to give too full a fall to small drains, the only effect of 
which is to produce such a current through them as to wash away or undermine the ground around 
them, and ultimately cause their own destruction. When a drain is onoe closed by any obstruction, 
no amount of fall which could be given to it will again clear the passage, while a drain, with a 
couiiiderable current through it, is much more likely to be stopped from foreign matter being carried 
into it^ which a less rapid stream couKI i^ot have tmnf^ported there. 
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In tlie case of a road whose snrfooe was drained in the way just desoiibed, and whose sufiBtoe was 
ooiiipoeed of proper materials in a compact state, very little water would find its way thiongh to the 
Bubstratum. With some descriptions of soil, however, it would be desirable to adopt means for 
maintainitig the foundation of a road in a dry state; as, for instance, wlien the surfiBMe is a strong 
clay through which no water can percolate, or when the ground beneath the road is naturally of 
a soft, weC or peaty nature. Unaer such circumstances it would be desirable to provide for its 
proper drainage by a species of under-druinage. As soon as the surface of the ground has been 
formed to the level intended for the reception of the road materials, trenches should be formed 
across the road, from 1 ft. to 18 in. in depth, and about 1 ft. wide at the bottom, the slides being 
sloped as shown in Fig. 6584. The distance at which these drains ought to be fiximed depends 
in a great measure on the nature of the soil. In the case of a strong clay soil, or one natu- 
rally very wet, there should be one about every 20 ft., and this distance might be increased as the 
ground became firmer or drier. In these trenches, a drain not less than 4 in. square internally 
should then be formed either of old bricks, drain-tiles, flat stones, or in any other mode used for 
under-drains, and the remainder of tl)e trench should be filled with coarse stones, free from all clay 
or dirt, in the manner shown in Fig. 6584. Of course these drains must have a fall given them from 
the centre of "the road into the ditches on either side. An inclination of 1 in 80 will be snfiicient. 
When the road is level in the direction of its length, these drains should run straight across, but on 
those portions of the road which are inclined the drains should be formed as shown on the plan. 
Fig. 6585, somewhat in the form of a very flat Y, the point being in the centre of the road, ana the 
drains making an acute angle with the line of the road, in the direction in which it &lls. Th» 
amount of this angle diould not be greater than is shown in Fig. 6582. 
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When a road with footpaths is under-drained in the manner whidi we have just described, it 
will not be necessary to form drains from the side channel under the footpath into the ditch, as 
shown in Fig. 6582, but merely to carry up a little shaft, constructed in the same way as the drain, 
from the drain to the channel, covering the same with a small grating to prevent leaves or other 
substances, which might chpke the dram, being carried into it. This method of forming the drains 
is shown at A, in Fig. 6583. 

Foundation of Hoods, — Before the foundation of a road is laid, the ground must be prepared for it, 
by levelling, draining, and forming it. If the subsoU be wet and elastic it must be brought to a 
dry, tolerably hard condition. It is of no use to lay good road materials upon a wet. bad substratum. 
Country roads, as distinguished from town roads and streets, are usually laid on the natural 
surface of the ground, in spite of the expensive and continuul repairs necessitated thereby. In these 
cases, when the ground is wet, and as uequently occurs, undrained, deep ditches should be out on 
each side of the line of road and cross drains laid underneath. If the ground is very springy or 
boggy, a layer of fiigots, about 6 in. in depth, may be put down, before distributing the road mate- 
rials. When the road is on an embankment the surface should be either rolled or punned, that is, 
boiten with heavy beetles, so as to ensure as great a degree of solidity as possible. The sam^. 
mode of proceeding tshould be followed, even where it is intended to form either a paved or a concrete 
foundation, for too much care cannot be bestowed on that part of the road. 

One mode of forming an artificial foundation for roads consists in forming a rough pavement on 
the top of the formation surfooe. which is afterwards covered by the road materials. Upon the level 
bed prepared for the road materials, a bottom course or layer of stones is set by hand, in form of a clues 
firm pavement. The stones set in the middle of the road are 7 in. in depiJi ; at 9 ft. from the centre^ 
5 in. ; at 1 2 f^om the centre, 4 in. ; and at 15 ft, 8 in. They are set on their broadest edge length- 
wise across the road, and the breadth of the upper edge is not to exceed 4 in. in anv case. AU the 
irregularities of the upper part of the pavement are broken off bv the hammer, and all the interstices 
filled with stone chips, firmly wedgea or packel by hand, with a light hammer, so that when the 
whole pavement is finished, there shall be a convexity of 4 in. in the breadth of 15 ft. from the 
centre. 

The fonndations of roads exposed to a very heavy trafllo, such as the streets of a large city, are 
generally now laid in concrete, whatever may be the nature of the road surface or materials subse- 
quently put on. In this case the proportion of gravel to lime is that of 4 to 1. The concrete 
is made on the surface of the road, and great care taken, when the water is added, that every par- 
ticle of the lime is properly slaked and saturated. The bed of concrete having been spread to the 
depth of 6 in. over the half breadth of the rt ad, the surface is then covered over with 6 in. of good 
hard gravel or broken ttone, and this depth is laid on in two courses, uf 3 in. at a time, the first 
course being frequently laid on a few hours after the concrete has been placed on the road. The 
carriages, however, are not on any account allowed to pass over it until the concrete has become 
su£9ciently hard and solid to carry the traflSo without suffering the road material to sink and be 

Eressed into the body of concrete. On the other hand, the covering of gravel is always laid on 
efore the concrete has become quite hard, in order to admit of a more perfect binding and junction 
between the two beds, than would take place if the concrete were suffered to become hard before 
laying on the first covering. The beneficial effect arising from the practice of laying on the gravel 
exactly at the nroper time is, that the lower stones pressed by their owu weighty uid oy those abovo 
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them, sink partially into the canorete, and thus remain fixed in a matrix, from whioh they cannot 
easily be dislodged. 

Surface of Hoods. — MetaUmg, or Maoadam.-^K macadamized or broken-stone road may be laid 
npon an artificial foundation, or may consist altogether of broken stone or road metal. The former 
was Telford's plan, the latter that of M*Adam. The stone or road metal should be hard, tough, 
and durable. The best materials are granite, trap-rook, or whinstone. Hard oompcM$t limestone 
may also be used, and g^yel composed of flints ; but nil flints should be broken into angular pieoee, 
as u for concrete. The stones are broken down by means of a hammer with a steel face, into smaller 
and smaller pieceA,«until at length they are reduced to pieces roughly approximating to a cubical 
shape, and not exceeding 6 oz. in weight ; which, on an aToraffe, is the weight of a cube of stone 
of 1 *6 in. in the side. M^Adam directed each road inspector to carry a small balance, so as to be 
able to test the weight of a few stones from each heap. Beitides breaking all grarel into angular 
pieces, it should bo screened, to clear it of eartti. 

The rood metal, thus prepared, is to be evenly spread over the road with a shoTel and rake, in 
three successive layers of between 3 and 4 in. deep, each layer being left to be partly oonsolidated 
by traffic before another is laid ; and thus is fomTed a firm, compact bed of angular fragments of 
stone, about 10 in. thick, which is impervious to water, or nearly so, and which soon acquires a 
smooth surface. According to M*Adam, 10 in. is the greatest ti ickness of metal required for 
any road, from 5 to 9 in. being often sufficient. His practice was to lay the metal simply on the 
natural ground, with no preparation except levelling inequalities and digging drains. 

In order to make the truffic on a biokenHstone road easier when it is flrat Liid, a layer of sand 
and gravel, called blinding, is sometimes spread over it, but this practice is a bad one, for the 
sand and gravel work their way between the fragments of stone, and prevent their ever forming so 
compact a mass as they ought to do. 

Paved Roads. — Stone. — In towns and other places where there is a constant and heavy traffic, the 
streets are generally jpaved with stone. Cnbes or setts of granite, from 8 to 6 in. wide, 7 to 20 in. 
long, and from 6 to 9 in. deep, are laid closely side by side upon a substratum of concrete or broken 
stone, compressed into hard macadam, and the surface is grouted with lime and sand. A depth of 
9 in. is the maximum, even for the heaviest traffic in the streets of London, blocks 7 in. being 
sufficient for ordinary service, and 4} in. the minimum anywhere. In London a pavement of new 
Aberdeen granite, 8 in. wide and 9 in. deep, under a heavy and concentrated traffic, such as that 
of Gheapside, must be renovated, and the stonis redressed and relaid, every flve or six years, but 
on ordinary ronds granite pavement, if properly laid in the first instance, will last from ten to thirty 
years. When laid upon bridges tliere should be a concrete substratum, not less than 6 in. thick, 
between the platform and the stone. A heavy road material of this kind is best adapted for short 
spans, for cast-iron arched bridges, and fur other situations where the dead load may with advan- 
tage compare largely to the moving load. 

Paved Roads. — Wood. — The ordinary method of forming a roadway for permanent use is by 
laying blocks from 4 to 7 in. deep, dose together, with the grain of the wmd vertical. Oak or 
other nard tunber was formerly considered the best, but it has oeen found that fir, although not so 
hard, is better, and that its longer fibre renders it more durable than oak; and not so slippery. 

As under constant traffic the blocks will sometimes become loose, diflfurent plans have been tried 
for holding them together. Octagonal or hexagonal blocks have been fitted together so as to give 
homogeneity to the wliole, and prevent lateral movement. The same result is sought by priming or 
mortising the 'blocks together, and many ingenious and complicated methods of this Kind have 
been attempted. In a large area the density of the blocks will vary, or the ballast or concrete 
below may not be equally solid at all points, and some of the blocks, under the pressure of a heavy 
load, will sink down and make an uneven roadway. To prevent this, the plan has been adopted 
of making the pieces of the shape in Fig. 6586, so that the pressure upon any one piece is to some 
extent borne by the adjoining piece. A considerable improvement on this plan is effected by 
making the blocks of the shapes in Fig. 6587, so as effectually to unite them against the downward 
pressure of a load. 

By the methods above de:<crib(Ml the blocks are laid close together; and as, under certain 
ciroumdtances, a wood pavement may become slippery, it is by some eii<!ineers considered that a 
potter foot-hold for hor* s may be obtriiued by leaving a gap between the blocks. Figs. 6588, 6589, 
illustrate one of these methods, the blocks oeing laid | m. apart, and the spaces oetween them 
filled in with cement or mortar. But cement or mortar once di^tintegrated, as in this case is likely, 
will not again unite, and for cohesive purposes becomes useless. 

6Sa7. 6588 6589. 
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A pavement which aeema to unite the supposed advantages of those in Figs. 6586 to 6589 has 
been used with some success in America, and is now, 1872, on trial in London and other European 



cities. 



The arrangement of the blocks, and the process of laying them, may be thus described ;— Planks 
f m. thick, having been dipi^ed in tar, are laid across the road upon a bed of concrete, or upon pre- 
viously existing hard macadam, and a second layer of similar planks is laid longitudinally. Dantzic 
fir blocks 9 in. long, 3 in. wide, and 6 in. deep, are then laid across the street upon the pLmks, and 
a long strip of wood, ^ in. square, is nailed to the bottom of the blocks and to the planking. This 
strip 01 wood forms a distance-piece, separating one row of blocks from another, ahd ss the i)arallel 
rows are laid, there are, of course, gaps | in. wide between each. Into these gaps or spaces small 
grit or gravel, without sand, is inserted, and driven in by blows from a mallet; and liquid tar is 
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ponied upon the gravel ao as to eoak into it. By this plan the pressme npon any one block 
u divided by the planks over a considerable area of the sabstratum, bnt the planks are an 
obstruction if trenches or small openings in the roadway have to be made for repairs of gas- 
pipes ; or any works laid nndemeath. 

With careful treatment a wood pavemeut may be made to last a lon^ time in a cold or tem- 
perate climate. When first laid, the surface should be well tarred and sprinkled with fine gravel ; 
and this should be repeated occasionally, and at any time during a frost, to prevent slipping. The 
gravel will be forced into the wood, and will harden and preserve it. The accumulation of mud 
should be prevented. 

Asphalted Hads, — Asphaltum is one of the varieties of bitumen foood in many parts of the 
world, and generally in the nature of rock. The asphalte used is of two kinds, the compressed and 
the liquid or mastic asphalte. Tlie former is in its natural condition of mineral rock, and made 
into powder. This powder, having been heated, is laid upon concrete, and is compressed by heated 
irons into a homogeneous mass. The li<^uid or mastic is a mixture of aspiialte with mineral tar and 
small grit, from gravel or shingle, and is applied as a hot paste. It is in this condition also that 
other asphaltes are applied. 

In London, for the heaviest traffic, a stratum of concrete, 6 in. to 9 in. thick below the asphalte, 
has been adopted, but for less severe service it would not be necessary to use more than 5 in. of 
concrete, which thickness, for instance, on the iron platform of a bridge would suffice. The asphalte 
itself is laid 2^ in. thick fur constant heavv traffic, and 1) to 2 in. for ordinary traffic. On side 
paths for foot-passengers, asphalte' ^ in. thick laid on 8 in. or 4 in. of concrete is sufficient. 

The qualities which recommend asphalte are, the smoothness of surface, which renders troction 
easy ; the diminution of noise ; and, for bridges, its moderate weight as compared with stone. The 
headway below a bridge may be increased, or the gradient rendered easier, by a reduction in the 
thickness of the road material. There is no doubt that the thickness of the asphalte becomes con- 
siderably reduced when in use, but it is not yet denrly known whether this is owing to attrition 
only, or in some meatiure to the compression which is claimed for it by its advocates. On a level 
surface, in dry or wet weather, asphalte, if kept clean, is not more slippery than stone ; but for steep 
ascents traction would be difficult, and if tlie gradient were such as to render brakes or drags 
necessary, the grinding action of the locked wheels would be injurious to the asphidte. In the City 
of London, 1 in 60 is the steepest gradient for which asphalte is permitted. Asphalte cannot be 
successfully laid or repaired in frosty weather. It has been proved to be f^ firom danger by fire. 

Maintaining and Jkepairing Roads. — ^Too g^reat attention cannot be bestowed upon keeping the 
road surface frum an accumulation of mud, and even of dust. It should be constantly cleaned by 
scraping and sweeping. The repairs should be daily made by adding fresh material upon all points 
where hollows or ruts commence to form. It is recommended by some that when fresh material is 
added, the surface on which it is spread should be broken with a pick to the depth of half an inch 
to an inch, and the fresh imttcrial oe well settled by ramming, a small quantity of clean sand being 
added to make the stone pack better. When not dailv repaired by persons whose Eole business it is 
to keep tiie road in good order, general repain shoula be made in the months of Octol)er and April, 
by removing all accumulations of mud, cleaning out the side channelH and other drains, and adoing 
fresh material where requisite. 

The importance of keeping the road surface at all times free from an accumulation of mud and 
dust, and of preserving the surface in a uniform state of evenness, by the dally addition of fresh 
material wherever the wear is sufficient to call for it, cannot be too strongly insisted upon. With- 
out this constant supervision, the best-constructed road wiU, in a short time^ be unfit far travel, and 
with it, the weakest may at all times be kept in a tolerably fair state. 

We shall next proceed to a brief description of the tools or implements employed in tlie con- 
struction and repair of roads. The most important of these is the level usi>d for forming the true 
transverse section of the road. It consists, Fig. 6590, of a horizontsd straight-edge or bar A C, 
having in the centre of its length a plummet B D, for ascertaining when the straight-edge is hori- 
sonitl. A line is drawn near the end A of the bar, and at every 4 ft. from this line a gunge 
abcdiB fixed in a dovetailed groove, in. such a way as to be capable of being moved up or down, 
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so «s to adjust the depth of its lower end below the horizontal line of the bottom of tho straight- 
edge ; and there are thum>>-srrews. one of which is shown on an enlarged scale in Fig. 6592, passing 
through each gauge, by tightening which the gaupje can be fixed when so adiusted. When the 
bottoms of the gauges a, &, c, and rf, have been adiust<*d as in Fig. 6590. they will comcide witli the 
surface recommended to be jriven to a road 30 ft. in width, as in Fig. 6582 ; and in order to asoertam 
wh- titer the surface of any exintinjr rond is constructed to the proper inclination and form, it is only 
requisite to applv the level, which, when placed perfectly horizontal, by means of the plummet B D, 
should rest upon the road at the lower extremity of each of the gauges a, 6, c, and <f. For fonning 
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the ddeB of roads of greater "width than 80 fl^ it would he ooDyenient to have a level cooBtracted 
in the manner shown in Fig. 6591, in which the A B is a straight-edge about 15 ft. long, having in 
the centre of its length a plummet G D, so adjusted that when hanging truly in its place, the lower 
side of the straight-edge should be indinea from a horizontal line at the rate of I in SO. 

Fig. 6596 is the pick used for lifting the surface of roads. The bent iron head a b should 
weigh about 10 lbs., having a large eye in the centre c, in which is fitted the handle, which should 
be of ash, rather more than 2 ft. in length ; one extremity, a, should be formed like the end of a 
chisel, while the other, 6, should terminate in a blunt point Both ends should be tipped with steel. 

The most useful form of shovel for ro&d purposes is shown in Fig. 8841, p. 1834. The blade 
should be somewhat pointed, and the handle bent, so as to enable the person using it to bring the 
blade flat upon the 8ur£Euse of the road without excessive stooping. 
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The ordinary wheelbarrows are of ash or elm, with cast-iron wheels ; but it would be an advan- 
tage if wheelbarrows for road purposes were made of wrought iron, which would combine strength 
and durability with lightness. Of whatever material, however, they are constructed, thev should 
not exceed 9 in. in depth, and their sides should be splayed with a slope of 2 to 1. It would be alao 
very desirable to have hooks placed on their sides to receive a shovel and pick. 

. The screens, or sieves, employed for separating the coarse gravel fix>m the hoggin or small 
gravel, consist of iron wires or slender rods, placed at eoual distances apart, and fixed in a frame of 
wood, the sides of which are raised about 5 in. above the plane of the wires. In the screens the 
frames are rectangular, about 5 ft. 6 in. in height and 8 ft. wide, and the wires are stretched in the 
direction of its length at distancen varying horn ^ in. to 1| in., according to the size of the stone 
required ;. and these wires are kept in place bv others crossing them at intervals of 5 or 6 in. 
When used, they are placed so that the plane of the wires is inclined about 80° from the upright, 
and the g^vel to be screened being dashed or thrown foroiblv against them ; the finer puiicles 
pass tlirough and fall on the farther hide of the screen, while the large stones roll down its surface 
and fall on the nearest siile. The sieves are somewhat di£ferent in form, the frame being circulsf , 
forming a cylinder about 6 in. in depth und 20 in. in diameter, the wires being placed either as we 
have already described, or equally (-lose in both directions, and forming a kind of bottom to the 
cylinder. The sieve is held horizontally by one man, while the other throws into it a i^ovelful of 
gravel. Upon shaking: the sieve, the fine hoggin falls through, leaving the stones in the sieve, 
which are then thrown by the man into imy thing which may be placed to receive them. The latter 
is generally the best and cheapest moile of screening gravel. 

The hammers employed for breaking stones are of two sizes, Figs. 6598, 6594. The handles 
should be of straight-grained ash, and the iron heads of the form shown in the drawings; the faces 
spherical, and case-hsLrdened, or steeled. Fig. 6595 represents the ring to be used for testing the 
size of the broken stones. Its internal diameter is 2| m., and the lar^st stones should be able to 
be passed through the ring in every direction. 

Fig. 6597 represents a pronged fork, to be used instead of a shovel for taking up the stones to 
throw upon the road. The advantages attending its use are, that a man can take up the stones 
much quicker and easier than with a shovel, and free from all dirt and extraneous matter which, 
in the case of broken angular stones, is of importance. 
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The rakeB» whioh Bhoold be employed in filling in rata and hollow places in the eurfaee 
of roads, should be formed with prongs between 2 in. and 8 in. in length, tixed, at the distanoe 
of I in. apart, into a wooden head about 11 in. in length. Their handles should be formed of t^h 
and should be about 6 ft. in length. Scrapers are indispensable for preserving roads in a proper 
state and free from mud. They are usually oonstructed of wood shod with wrought iron, but it is 
much better to make them entirely of ixoa. They should be 6 in. in depth, and about 18 in. in 
JteDgth, and sHghtljjr curyed at each extremity to prevent the escape of mud at each side. 

Scraping maclunes are very generally employed, by means of which the surface of a road may 
be scraped much more regularly and quickly than with the old scrapers. They consist of a number 
of iron scrapers, attached to a frame mounted on wheels, whioh are so placed, that, when the body 
of the machine is somewhat raised, the wheels are lifted from the ground, and the whole weight of 
the machine is thrown upon the scrapers, whioh, upon the machine being drawn across the road, 
scrape all the mud from its surfiuse, and carr^ it to the sides. 

A machme has also been invented bv Wmtworth for sweeping up the mud from the roails and 
carrying it away at once. It consists of a spedes of endless broom, passing round rollers attached 
to a mud oart, and so connected by cogged wheels with the wheels of Uie cart, that when the latter 
is drawn forwards, the broom is caused to revolve^ and sweeps the mud from the smrface of the road 
up an inclined plane into the oart. The machine is drawn by one honse^ and by its aid the roads 
are swept much more rapidly and better than by the old system of scraping. 

Fences, — ^Where fences are indispensable theyshould be kept as low as possible, and thrown as 
fkr as is possible from the sides of the road. Where the road has a deep ditch on either side, it 
then becomes necessary, to prevent accidents, that the fence should be placed between the rood 
and the ditch. In all other situations, the fence should be placed on the field side of the ditch, for 
the double reason, that in so doing the surface drainage of the road into the side ditches is less 
interfiled with, and that the road is then not so much sheltered by the fence itself. The different 
descriptions of fence which may be employed are very various, and those which answer in the oaso 
of railways will do eoually well for •roads. 

JRoUmg Boads. — The importance of rolling roads, either newly constructed or when subjected to 
extensive repairs, is now duly appreciated, and a road may be put at once into good worldng con- 
ditioD, and a considerable expense eventually saved, by thorough systematic rolling. No road 
ooght to be considered as made until that operation shall be completely effected. 

There are certain considerations which may serve as guides to arrive at first conclusions with 
v^gard to rolling roads, which in London and other large cities is usually done by steam rollers. 

A roller should not be too heavy in proportion to its bearing surface, or, inst€»d of binding the 
material in tlie position and form laid down and desired, it will press it more or less into the sub- 
stratum. Much of the material will thus become useless, and it will be 'sety troublesome to obtain 
the necessary resistance for consolidation. It must not be too light, or the effect will be too smedl 
ever to gain the object fully, or at any rate without an extent of operation that would be very 
ooetlv or inconvenient. From recorded trials, there is reason to believe that a road roller should 
not DC lighter than 28 cwt for every 12 in. lineal bearing on the road ; that is, if 4 ft. wide, that 
it should weigh 5 tons 12 cwt. ; if 8 ft. 4 tons 4 cwt., and so on in proportion. It should only be 
applied to the upper surface of the road. 

A roller somewhat heavier than 28 cwt. a foot would be more effective, but it is better after that 
limit, to gain the objject rather by adding to the number of times that the surface is passed over, than 
incur the inconveniences of the heavier machinery. For ^ect, the wider a roller can be the better, 
because the operation will be more quickly performed, and because, in proportion as it is narrow, 
will there be a tendency to force the broken stone laterally from under its action. But, as the weight 
must be in proportion to its bearing surface, the width must be limited to a degree that will prevent 
that weieht being too unwieldy. A very narrow roller might also have a tendencv to overturn. 

On the other hand, one that is very wide may take up too much room, if the road is open to 
traffic during the time of its use. 

It is absolutely neoessary t^ apply some gravel, or other sharp, gritty, fine stnff on the surface, 
during the operation, without which it will not be thoroughly oound. The consolidation com- 
inences with the lower part, which is the first to get fixed and arranged, and when, after about 
six turns over the whole, the upper layers have become tolerably firm and well bedded, some sand 
or stone-dust, or, what is best of all, sharp gravel, may be lightly sprinkled over it by degrees at 
every successive rolling, solely for the purpose of filling up the interstices of the broken stone, and 
not to cover it. About 8 cub. yds. in 100 sq. yds., equal to about 1 in. in thickness, spread over 
the whole surface, will be required. It is essential that this small stuff be not applied earlier, 
or it will get to the lower strata, and not only be wasted, but injurious. The object is tnat it should 
penetrate for 2 or 8 in. only, to help to bind the surface. Provided the upper interstices are filled, 
the less gravel used the better. It should be applied by degrees after each of the three or four 
last successive passages of the roller, and then only over the places where there are open joints. 
After the work, if weU done, is completed, it is stated that such is the effect that the upper crust 
may be raised in cidkes of 6 or 7 sq. ft. at a time, which could never be done without the gravel. 
The effect may be improved aUo by having tiie upper inch or two of stone finer than the rest, to 
pass tlirough a ring of 1 J in. or 1} in. This work should be done in wet weather, or the material 
will require to be watered artificially, as is done in practice. 

See AsPHALTE. Pebhanemt Wat. Railway Engimeebing. 

Works relating to the subject ;^Qwx\\Qt (H.), *Traite' des Cliemins,' 8vo. Paris, 1721. Delaistre 
(J. B.), ^Dictionnaire des Pouts et Ghauss^es,' 8 vols. 8vo: atlas 4to« Paris, 1812. Edgeworth 
(R. E.), * On Roads and Carriages,' 8vo, 1817. M*Adam (J. L.X *0n Roads.' 8vo, 1821. Cordier 
(J.), 'Essais sur la Construction des Routes,' 2 vols. 8vo; atlas in fol., Paris, 1823-28. PameU 
(Sir H.), 'A Treatise on Roads,' 8vo, 1888. Leahy (E.), < On Making and Repairing Roads,' 12mo, 
184i. Polonceau (A. R.}, ' Notice sur TAm^oration des Routes,' 4to, Paris,- 1844. ' Programmes 
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de rfioole des Fonts et Ohanss^* 10 vols. 4to, 1848-1872. Burgoyne (Sir J. V.\ < Art of 06n« 
Btmcting and Bepairing Oommon Boads,' 12mo, 1861. Paget (F. A.\ ' On the Economy of Boad 
Id^untenanoe/ 8yo, 1870. Gillespie (W. M.)) * PrinciplcB and Practice of Boad Making,' 8to, New 
Yorl^ 1872. See also ' Life of Thomas Telford,' G.E., 4to, and fol. ; and Papers in the ' Minutes of 
the Institution of Civil Engineerst' the 'Annalcs des Fonts et Chauss^' and the ' Frafeflsional 
Papers on Indian Engineering.' 

BOCK-SHAFT. Fb., Arbre oadllant; Gkb., OscOlirende weUe; Ital., Albero 09G%ikuUe; Spav., 
Arbol oscilante, 

Bock-shafk is a name applied to any shaft that oscillates on it^ journals, instead of revolving ; 
more strictly, a vibrating shaft for modifying motion in the valve-gear of a steam-engine. It is 
called also rocker and rooking shaft. 

BOLLING MILL. Fb., Lamiwnr; Gkb., Walzwerk; Ital., Lammatoio; Span., Laminador, 

SeelBON. 

B00F8. Pb., Toffs; Gbb., Dacher; Ital., Tetto; Span., Tejadoa. 

The subject of roofs is one which is doselv allied to that of bridge^ especially since the intro- 
duction of iron as a oonstructive material, and its increasing employment by engineers and arohi* 
tects in both these descriptions of structures. A roof is, in fact, noUiing else thui a bridge, which 
has comparatively a light load to support, and one, moreover, which iei of a less variable and 
impactive character. The greatest static load which can come upon a roof is when it is covered 
with snow, and the greatest dynamical, when one half of it ii exposed to the action of a violent 
storm, or wind pressure. The former is provided for by making the ruof stzoog enough in everv 
jpari to bear this muximum load, and the latter by a proper arrangement of bracing and wind- 
ties. The greatest strain to which a roof can be exposed, whether statical or dynamical is trifling 
in comparison with that which would attend a bridge of equal span, intended for either heavy road 
or locomotive traffic. In some few instances, roofs and bridges have been built almost identical in 
shape, and in the examples of iron ro(jfs and bridges there is frequently a general resemblance both 
in principle and form. The different pivposes for which the two structures are intended, and the 
different conditions under which they are placed, otherwise than when the mere question of strain 
is concerned, prevent that dose resemblance being universally obtained. Practical considerations 
also wiU always, and particularly in large examples, tend to maintain that diversity of arrangement 
which experience has shown to be not only unavoidable bat absolutely necessary under the droum^ 
stances. 

Ciasnfication of Boofa, — Boofis can be divided into two classes, which will comprise all rooC 
stiiictures, namely, those in which the pressure u^n the supports is at an angle outwards with the 
vertical, and those in whion it is in a vertical durection only. Accordingly roofs without a hori- 
zontal throat are complete in themselves, or self-contained, and those with a horizontal thrust are 
incomplete, and their stability depends on that of the abutments. To these, however, must be 
added a third class, which, taken separately, have a horizontal thrust, but which, by being arranged 
upon a circular, elliptical, or polygonal base, and inclined towards a common centre, can be made 
dependent upon each other, and independent of abutments, bv connectiug them at their springing 
by a tie, which, as it joins all the principals at their sprioging, is in plan a polygon. Such roofi 
are ccdled domed or curved roofs. 

Designing Roofs— hetore an engineer can undertake to defiign and prepare the necessary drawings 
for either a timber or an iron roof, it is indispensable that he oe supplied with some data, however 
slight, upon which to proceed. In general he will require Hoe following, in addition to the ground 
plan and proposed height of the structure. 1. The description of support provided for tbe roof, so 
that he may determine whether the design shall be that of a simple trussed roof or of an arched 
roof, which would exert a horizontal thrust against the walls or ctaumns upon which it might be 
carried. 2. The purpose for which the building is intended. Beyond a width of about 40 n., the 
question arises whether the roof shall be made in one or more spans, and as the cost may in some 
cases be considerably diminished by having the roof supported at intervals between tiie walls, so 
reducing the width of any one span, it is necessary to know if intermediate columns or walla, so 
placed, will prove an obstruction. ^ It must be known whether the building is to be open at the 
sides and ends, or to be enclosed, and if the latter, whether by walls, or by iron screens, or glass. 
4. As it is sometimes cheaper and better to make a roof hipped, Figs. 6598^ 6599, than gabled, Figa 
6600, 6601, any reason or preference for or against either 

plan should be given. 5. The nature of the dimate 6698. 6699. 6600. 660i. 

should be stated with reference to the following points : 
— The ventilating arrangements which may be needed , 
the kind of roof covering most suitable; the strength of 
the roof for resisting heavy winds or hurricanes ; the 
nature and amount of light required, and the gutters and rain-pipes neoeeBary. An^ local dzalnB 
to which the rain-water must he conveyed should be indicated, so that tiie vertical pipes or water 
cfolumns may be arranged accord in^^ly. 6. The designer should be informed whether the structure 
is to have any ornamental character, or whether cheapness is the primary consideration. ■ 7. If there 
are difficulties in the wav of transporting materials to the site, they should be stated, so that, if 
necessary, the roof may oe made in pieces of moderate size and weight It is useful to know 
whether skilled labourers can be obtamed for erecting the roof, so that if it is difficult to procure 
them, the design may be contrived with special reference to facility of erection. Information also 
should be afforded as to what materials, such as brick, stone, or timW, can be obtained near the 
sitot and, if possible, at what prices. It may be stated as a general rule, tliat roofs and buildings, 
especially when of iron, should have their parts equally divided. A hipped roof should consist of 
regular squares, in accordance with which the columns, principals, and purlins can be arranged. 
Facilities for repetition and the economical disposition of material are afforded by making the 
divisions of the sides and ends corresponding. Thus a plan arranged as in Fig. 6602, with the edde 
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and end spaoee all equal, is better than an inee:ti1arly shaped plan. Where an irregnlar plot of 
Bxonnd has to be oovered, it is better to confine the irregnlarity to as few points as possible, and to 
let the grettter part of the btmcture be composed of rectangular or other nniform 
figures, than to provide for the irregularities by altering the dimensions of parts ' 
graducJly throughout the whole building. 

Pitch of Roofs, — The pitch of a roof, or the angle which its incliaed side 
forms with the horizon, is varied according to the climate and the nature of the 
covering. The inhabitants of cold countries make tlieir roofs veir high, while 
those of warm countries, where it seldom rains or snows, make their roofs nearly 
fiat, but the practice even in the same climate has varied conniderably. Low 
roofs require large s]^tes and the utmost care in execution. They are cheaper than high ones, 
since they require timbers of less length and of smaller scantling. Formerlv the roofs were made 
vervhigh, pernaps with the notion that the suow would slida off easier, but where there are parapets 
a high roof is attended with bad effects, as the snow slips down and stops the gutters, and an over- 
flow of water is the consequence. Besides, the water in heavy rains descends with such velocity 
that the pipes cannot convey it awav soon enough to prevent the Rotters overflowing. In high 
loofis the action of the wind is one of the most considerable forces tney have to sustain, and it is 
supposed to have been with a view of lessening their height that the Mansard or curb roof was 
invented. The quantity of room lost by a curb roof, the difficulty of freeing the gutters from snow, 
and the unnaceful effect of the roof itself, are objections that are not compensated by the small 
difference of the expense between it and a common roof, especially now thut experience has proved 
that roo& may be made much less in height than our ancestors were in the habit of making tnem. 

The height of timber roofs at the present time is very rarely more than one-third of the span, 
and should never be less than one-sixth. The usual pitch for slates is when the height equals one- 
fourth of the span, or when the angle with the horizon is 26)°. Near the sea, or in rery exposed 
situations, the neight of the roof should be one-third of the span, for if less, the rain and snow will 
be driven under the slates by the wind. 

The same conditions with respect to the pitch prevail in the case of iron roofs when they axe of 
the trussed form. Greater latitude is allowed when the arch forms are used, as will be seen uom the 
examples selected for illustration. 

Lffads on Roofs, — Statical or Permanent Load.—The load on a roof is of a double character, and 
consists of the statical or permanent load, and the dynamical or accidental load. The static load 
is composed of the weight of the framework which includes the principals, primary and secondaiy, 
and the purlins, and of the weight of the covering together with the louvres, glazing, and any 
ornamental additions. 

Dynamical or Aoddenta! Load,— The accidental load consiats of snow and the pressure of the 
wind. An allowance of about 6 lbs. a square foot is sufficient in England, but a maximum of 
20 lbs. has been allowed In other countries. The estimate of the allowance for wind pressure may 
be put at about 80 lbs. a square foot. Tredgold estimated the total accidental load on roofs at 
40 lbs. a square foot of surface covered, or say 35 lbs. for wind and 5 lbs. for snow pressure, and the 
largest roofs are generally constructea for a uniformly distributed vertical loaa of this amount 
When, however, the great Lime Street roof at Liverpool of 158 ft. span was erected, it was imme- 
diately seen ^t a uniformly distributed load was not the worst casualty to which it might be 
subjected. Locke, therefore, in spite of a protest from its designer, required that a rib should be 
tested with a load of 40 lbs. a square foot hung on one half the roof, the other being unloaded, thus 
imitating, as nearly as was possible with a vertical load, the effect of the wind pressure acting 
broadside on. A rib of the great Birmingham roof was similarly tebted, first with 40 lbs. a square 
foot uniformly distributed over the whole roof, and next with a similar load on half the roof only. 
In these cases the testing load represented the snow pressure, the wind pressure, and the weight of 
the permanent roof covering. 

The ordinary force of gales amounts to from 20 to 25 lbs. a square foot on a surface perpen- 
dicular to their direction. More rarely, higher pressures are registered, ranging from 83) lbs. to as 
much as 55 lbs. 

If the maximum pressure of the wind is assumed at 40 lbs., it will be sufficient. On the 
inclined surface of a roof the pressure wUl be much less than this, the law of the variation of the 
pressure with the inclination being known with tolerable accuracy from the experiments of Button. 
Let P be the intensity of the wind pressure in lbs. the square £>ot, on a surrace perpendicularly 
opposed to it ; the iuclination of any plane sur^ce to the wind's direction. Then the intensity of 
the pressure normal to the surface will be. Pa = P sin. i'Moaa.0-i. xhe component of uat 
pret<sure, parallel to the wind's direction, will have the intensity, P A=P sin. $ imoo*. e^ rj^i^ qqjq. 
ponent perpendicular to the wind's direction, the intensity, Po = P cot. $ sin. B I'Meo*. 9. 

That is, if the wind blow horizontally P h is the horizontal and P v the vertical component of the 
pressure on the roof. Putting P = 40 we get the following values of tiie normal pressure and its 
components, for various inclinations of the roof surface to the direction of the wind ; — 







Lbs. a 


Squabe Foot of Subfaoe. 








Angle of Roof. 


Pn. 


P«. 


1 
Ph. 


Angle of Roof. 


Pa. 


?«. 


P*. 


o 
5 


50 


4-9 


0-4 


o 
50 


881 


24-5 


29-2 


10 


9-7 


9-6 


1-7 


60 


400 


20-0 


840 


20 


181 


170 


6-2 


70 


410 


140 


88-5 


SO 


26-4 


22-8 


13-2 


80 


40-4 


70 


39-8 


40 


33-3 


25-5 


21-4 


p 

1 • • 

1 


400 


00 


400 



8 p 2 



3788 



BOOFS. 



Now whether a roof is exposed to a vertical wind-pressme of 35 lbs. a square foot, as in Tred- 

g old's assumption, or not, it is certain that it will be exposed to the preeeure of winds blowing 
orizontally. If, therefore, according to the oommon practice, the roof is designed to resist a uni- 
form vertiod pressare of 40 lbs. a square foot, plus the weight of the framing. It is at lea^t equally 
necessary to examine whether it will resist the partial normal pressures given in the previous Tablcy 
which, m many cases, will produce a mQch greater distorting; effect, and an entirely different 
distribution of stress on the bracing. It is difficult to fix the limits of the probable variation of the 
direction of the wind relatively to the roof, but if we suppose that in eddying gusts it may strike 
the root in any direction between the horizontal and vertical, then the maximum stress on any 
given member will be found in one or other of the three following cases ; — 

1. Wind blowing horizontally, which is the most ordinary condition of loading. 

2. Wind normal to one side of the roof sur&ce. 

8. Wind vertical, which may possibly happen as a momentary condition, but which is certainly 
the least probable of possible mooes of loading. The ordinary assumption, that the roof is subject 
to uniform vertical loads only, supposes the wind vertical, and neglects the horizontal component 
of the pressure, which will exist even in that case. 

In the two former cases the loading due to the wind is unsymmetrically and unequally distri- 
buted. In the third case the loading is uniform in straight-raftered roou, and symmetrical in 
arched roofs. 



Timber Moofs, — ^Booft of this material have, similarly to bridges, been greatly superseded by those 
so long as the material is procurable. For spans of moderate dimensions, they are still very fre- 



of iron, particularly when of large dimensions. For small spans, timber roofe wiU always be employed, 



qnently used. They are less heavily strained than bridges, and are, moreover, if well built, bett r 
secured from the effects of the weather, and are consequently more durable. As a rule timber rood 
are built a great deal too heavy, a consequence probably of a somewhat too servile adherence to 
old types of construction, in whicn weight was synonymous with strength. The most economical 
roof, and the one also which will best fulfil the conditions of proportion and efficiency among its 
relative parts, will invariably be that which contains the minimum amount of material, provided 
the structure be scientifically designed. The principal point of difference to be noticed in the com- 
parison of the ancient and modem roofs is, that in the former the abutments in the form of buttresses 
were employed to take the thrust at the feet of the rafter, while in the majority of the latter, a tie, 
horizontal or inclined, is used instead. 

Of timber roofs there are numerous varieties, the best known of which and those most frequently 
employed we shall briefly describe and illustrate. 

Fig. 6603 is a very simple truss, in which the tie is above the bottom of the feet of the prin- 
cipals, which is often done in smiJl roots for the sake of obtaining height. The tie in this case is 
called a coUar. The feet of both common and principal rafters rest on a wall-plate. The purlins 
rest on the collar, and the common rafters abut against a ridge running along the top of the roof. 
This kind of truss is only suited to very small spans, as there is a cross strain on that part of the 
principals below the collar, which is rendered hfurmless in a small span by the extra strength of the 
principals, but which in a large one would be very likely to thrust out the walls. 

In roofii of larger span the tie-beam is placed below the feet of the principals, which are tenoned 
into, and bolted to it To keep the boun from sagging, or bending by its own weight, it is 
suspended from the head of the principals by a king-post of wood or iron. 



•008. 




The lower part of the king-post affords support for the struts sapporting the principals imme- 
diately under the purlins, so that no cross strain is exerted on any of the timbera in the truss, but 
thev all act in the direction of their length, theprincipals and struts beinff subjected to oompresdon, 
and the king-post and tie-beam to tension. Fig. 6604 is a sketch of a king-truss. The common 
rafters abut on a pole-plato, the tie-beams resting either on a continuous plate, or on short bed-plates 
of wood or stone. Whero the span is considemble, the tie-beam is supported at additional points 
by suspension pieoM called queen-posts, Fig. 6605, from the bottom of which spring additk>nal 
Btruts. By extending this principle, we might construct a roof of any span, were it not that a 
practical limit is imposed by the nature of the materials. Sometimes roofs are constructed without 
king-posts, the oueen-posts being kept apart by a straining piece, as in Fig. 6606, which shows' the 
design of the old roof of the churoh of St. Panl, outside the walls, at Ron^ This truss is interest- 
ing from its early date, having been erected about 400 years sgo and sin^ destroyed. The trussee 
are in pairs, a king-post bemg keved in between each pair to support the tie-boBims in the centre. 

The largest timbiBr roof ever aesigned in one span was intended for the Imperial Riding House 
at Moscow, but was never built The span was 235 ft., and the elevation is shown Fig. 6607. The 
lurinoipal feature in this roof was an arched beam, the ends of which were )»pt from spreading by a 
ne-beara, the two being firmly connected by suspension pieces and disgonal braces. The arohed 
beam. Fig. 6608, is formed of three thicknesses of timber, notched out to prevent their sliding on 
each other. This method is objectionable on account of the danger of the letting of the timber 
under a considerable strain. 
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IHiM flie n»n of a timte roof exceeds W 
Ooa half is shown in the figure with a queen-pofit, and the other with the simiJtf manber aoSng 
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as' a suspended tie. The middle part of the longitudinal tie-beam is oonstmciud as a girder. 
Fig. 6610 Is a roof in which the ribs are all in one piece, and bent in the same manner used for ship 
timbers, llie rise or versed sine of the ribs is one-half that of tho roof, and the suspending pieces 
are notched in pairs, and bolted and strapped together. The noticeable gqod points m this roof are 
the small number of joints in the truss, the number of points at which it can support the tie-beam, 
and dispensing with the shrinkage which attends the use of king and queen posts. Fig. 6611 
is a roof designed fbr a provision storo at Holder, in Holland. The rafters wero supported 
br a solid arohed rib formed in five lengths, connected by scarfs. The length of the store for which 
this roof was designed is nearly 320 ft, and tho width 64 ft. Tlie ribs were spaced 16 ft. apart from 
oentre to oentro, and between each pair were six rafters, which supported the roof. The floor- 
beams were supported by posts, which were indispensable in consequence of the great span, 64 ft 
An architect designing a roof on this principle at the piesent time would avail himself of the 
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nae of iron to a greater extent than appears in this design. Fig. 6612 is a design taken from 
Emy^s and Demanef s works. It is partlouiarly adapted for a ship-builder's shed, and has been 
used for covering locomotive sheds. Unless the sides are well covered in, this description of roof is 
very liable to be blown off by the wind getting in underneath. It would also require very strong 
holding-down bolta, let into a good block of concrete or large deep bed-stones as in the figure. About 
thirty yeans ago a portion of a roof of this kind, erected at Chatham, was blown clean away, for a 
distance of 60 or 70 ft. 

eeix 
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About the sixteenth century, Pliilibert de Lorme, a celebrated French architect, introduced a 
description of roofs and domes with a series of arched timber ribs in place of trusses, these ribs being 
formea of planks in short lengths, placed edgewise, and bolted together in thicknesses, breaking 
joints. 

There are some great disadvantages connected with this system. The labour is great as com- 

Sarecl with roofs of similar span of the ordinary construction, and, as the chief strength of the rib 
epends upon the lateral conesion of the fibres of the wood, it is necessary to provide a larfijo 
amoimt of surplus strength. But Emy proposed an improvement on the system which was precisely 
the lanunated arched rib which has continued in use to the present day. 

This design was put into execution in the erection of a large roof 65 ft. span at Marao, near 
Bayonne, Fig. 6613. The ribs in tliis roof are formed of planks bent round on templets to the proper 
curve, and kept from separating by iron straps, and also by the radiating struts which are in pairs^ 
notched out so as to clip the rib between them. 

The principle of the roof is excoedinglv good. The principals, wall-posts, and arched rib form 
two triangleSi firmly braced together, and exerting no tnrust on the walls, and the weight of the 
whole roof being thrown on the walls at the feet of the ribs, and not at the pole-plate, tiie waUs are 
not tried by the action of a heavy roof^ and the conseouent saving in masonry is very great. 

The great difference in principle between the arohed rib of PhiUbert de Lorme, and the laminated 
rib of Emy, is, that in the latter the direction of the fibre of the wood oomoides with the curvature 
of the rib, and, as a consequence of this, the joints are much fewer. The rib possesses considerable 
elasticity, so as slightly to yield rather than break under any violent strain, and, horn the manner 
in which the planks are bolted together, it is impossible for the rib to give way, unless the force 
applied be sufficient to crush the fiores. 

Oothic Boofs, — ^The open timber roofs of the middle ages oome, for the majority, under the 
second class, namely, those which exert more or less thrust upon the walls, although there are many 
fine examples in which this is not the case. 

The high-pitched roofs of the large halls of the fifteenth and sixteenth centuries, for the most 
part, are trussed in a very perfect manner, so as to exert no thrust upon the walls; aUthough, 
in some instances, as at Westminster Hall, they depend upon the latter for support. 

The general design of these roofs is shown in Figs. 6614, 6615. The essential parts of each 
truss are a pair of principals connected by a collar or wind-beam, and two hammer-beams, with 
queen-posts over them, the whole forming three triangles, which, if not secured in their relative 
positions otherwise than by tiie mere transverse btrength of the principals, would turn on the points 
& c, Fig. 6615, the weight of the roof thrusting; out the walls in the manner shown in the ngure. 
There are two ways in which a truss of this kind may" be prevented from spreading. 1st The ends 
of the hammer-beams may be oonnected with the collar by tension pieces a, a. Fig. 6614, by which 
the thrust on the walls will be converted into a vertical pressure; 2nd. The hammer-beams mav be 
kept in their places by struts 6, 6, the walls being made sufficiently strong by buttresses, or other- 
wise, to resist the thrust In existing examples, we find sometimes one and sometimes the other of 
these plans followed, and occasionally both methods are oombmed in such a manner that it is often 
difficult to say what parts are in a state of compression, and what are in a state of tension. The 
roof of the great hall at Hampton Court, Fig. 6616, is very strong, and so securely tied, that were 
the bottom struts 6, 6, removed, there would be little danger of the principals thrusting out the walls ; 
and, on the other hand, from the weight of the roof being camea down to a oonsiderable distance 





Tbo ooiutnictioii of the root of the hall At Elthun Paieoe, Kent, Fig. 6617, dtffin Tsry coiial- 
donfaty from that of the Hampton Ooort loof. The whole weight is thrown on the top oT the wall, 
and the bottom pieoei b, b, are merelj onuunentol, the tenaloa pie(>ee a, a, forming a complete tie. 
TbJB has been shown by a partial lailtue whiob has taken place. Tbo wall-platee iiaviag become 
rotten in oonseqnence ot the guttere being stripped of their kad, the wuigbt baa been thrown on the 
paendo-atrotB, which have bent nnder the preHsure, and forced out the upper portioo of the walla 

The nof of Weatminstei Hall, Fig. 6618, U one of the Sncet examploa now ezigting of open 
timbered roofs. The peculiar featnre of tliia roof is an arched rib in ttuee thlckneaBee, somethiog 
at the prindple of Pbilibert de Lorme. This ia so alight, oompared with the great apan, that it is 
pnifanble in designing the roof, the arohttect took fall Bdvnotage of the support afforded by the 
Uiicktiew of tho nalla and the buttreesee, if, indeed, the Utter were not added at the time the 
present roof was en-cted, in 1335. It has been ascertained thut the weight of the roof roate on 
the tup uf tbo walls, the lower part of the arched rib serving ouly to diatribute the thrust, and to 
aasiat in preventing tho hamner-beBms from sliding on the walls. 

The eiamplea adduced are snfflcient to show the general principles of bnildiag roofa of timber. 
For particnlars of the mann^ in which the different members are IVamed togethai', and for the 
rules for delerminlDg their s^ngth, aee CoMvrBucmoN. 

Tabli I.— ScjuiTLUdw or Tinbkb iob DirrEBENT Sfabb, rBOK so TO so Fan. nw thi Boor, 
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Pitch of the roof about 27 decrees, covering slatet and timber as already mentioned* 
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Table Y — Scantlinos fob Boofb, fbom 20 to 82 Feet Span, Fio. 6610; Tbubses 10 Feet 

APABT. 





Tie-beam. 


, CnrredRIb 


Sospendlng Pieces 


Purlins. 




Spaa. 


No. of 


Scantlings of 


Common Raftcis. 






. 


Psirs. 


escfa Piece. 






feteL 


indies. 


inches. 




inches. 


Inches. 


inches. 


20 


8 x4 


4 x4 


3 


4x2 


8 X5 


Six 2 


24 


8x4 


4)x4 


8 


4x2 


8 X5 


4 X2 


28 


8 x5 


5ix5 


3 


4x2 


Six5 


4ix2 
4}x2 


30 


Six 5 


6x5 


3 


4x2; 


8ix5 


32 


9 x5i 


6 x5i 


3 


4x2i 


Six 5 


5x2 



Domes or Oupolaa, — ^A dome or cupola is a roof of which the haae ifl a circle, an ellipee or a polygon, 
and its vertical section a carved line, concave towards the interior. Hence domes are called circular, 
elliptical, or polygonal, according to the figure of the base. 

The most usual form for a &me is the sphericfd, in which case iti plan is a circle, and section 
a segment of a circle. The top of a large dome is often furnished with a lantern, which is supported 
by the framing of the dome. The exterior and interior forms of a dome are not often alike, and 
in the space between, a staircase to the lantern is generally made. According to the space left 
between the external and internal domes, the framing must be desired. Sometimes the framing 
may be trussed with ties across the opening, but often the intejior dome rises so high that ties 
cannot be introduced. Accordingly the construction of domes may be divided into that of domes 
which admit of horizontal ties, and aomes without such ties. A truss for a dome where a horizontal 
tie can be introluced is shown in Fig. 6619. A A is the tie; B, B, poets, which may be continued 
fo form the lantern ; G, G, are continued curbs in two thicknesses, with the joints crossed and bolted 



tagnQier; D D. a onrred rib to mppcat the nften. Tbia deaJgn U oalanlatod for ft ipw) at tkmit 
60 ft^ Bud Dwy b« eiCaaded to 120 feet. 




Two prinoipol tnisapB maj be placed aoron the 
opentog puullal to each other, and at a distance **^' 

Mart equal to the diamelei of the lantern, aa A B, 
O D, Fig. 6620, with a mffloient number of half 
trnaaea to redooe the bearing of the rafteit to a ood- 
Tenient length. By another arrangement, the two 
priDcipid truuca ma; ctobb each other at right anglei 
in the centre of the dome, the one being plaoed N 
muob higher than the other oa to preTeot the tiei 
interfering. This diipoaition ia represented in Fig. 
G621, and is the same as that adopted for the DSnie 
dea luvalidee at Paris, of which the external dia- 
meter is nearly 90 English feet. 

Dome/ iciihout Horiaontal 7V«i.— The constmotioH of dome! withmt horizontal oroea-tiea b not 
diffloall wlien there la a sufflaient tie roand the base. The most simple method, and one which ia 
pnrtio'.il irlj nsefal lo small domes, ia to place a seriea of onrred ribs ao that the lower ends of tlioae 
ribe stand apoa the onrb at the base, and the upper ends meet at the lop, with a tntfflcieut nnmber 
<rflDt«rmediate btaoes to prevent the ribs &om yielding latraally. 

Wbea the pleoee are long, and so mDoh ourred that they oannot be out ottt of timber otherwise 
Uian acroM Uio gmin, nhieb reduoca their itnngtli, they tbxild be pnt tf^ther in thicknesses, with 
tlie joints croMed, and well nailed together. In tbit large domes, they should be bolted or keyed 
tether. The method of making ourred ribs in thiokit^ees bas been adopted in the oonstmctitMi 
of centre* fot arches fhim the eajrlieet period of arsh building, and it was first applied to the con* 
strnctton of domes by Philibert de Iionne, who giiee Uie following goantliogs (or different sited 



These ribs are fonoed of two thickneeses of the Kantlings givmi abore, and are plaeed about 
2 ft. apart at the base. The rafters are notched upon them for receiTing the boarding, and a'so 
hnriiontal ribs are notched on the inside, which give* a great degree of atifhsas to the wbde. 
Fig. 6622 is a section of a dome consbuoted in this manner, and Fig. 6623 a projeoti6n <tf a pait of 




tlie dome, with tho rafters nnd iiiiJiio ribs. Wlicn i> dome is of considerable magnitude, the curve 
of equilibrium should piiss through the mi.idlu of tho depth of the ribs, particularly if a heavy 
lantern rests upon tliem, otherwise the ribs should be witldn the ourre of equilibrium, and they 
onaht lobe strutted to prevt-nt their bending in. Or, if it be neoosoary for t!ie eilerual appearance 
of the dome that the ourrature of the ribs should be without the curve of equilibrium, then an iron 
hoop may be put round at about one-third of the height to prevent the dome bursting outwarda. 
This btter method was adopted in the external dome of the Church de la SalaU at Venice. Tho 
outside dimensions are 80 it. diameter, 40 ■ 5 high, and the lantern S9- 5 a high ; but tho lantern is 
supported by a brick dome, which is conaideiablr below tho wooden one. The nbs of this dome 



HB 96 III nmnbcv, and ettoli lib ii in tota (hicknesMt; the toot togefbet nain 6*S tn., k> that 
(«cb tib ia 8'5 in. bjr 5'5 in. The iron hoop is 1-0 in. wide »nd } m. bi tfaicknen, and is plued 
at one-third of the height of the dome. 

One of the flneit applicatjoui of the qntem of De Lonne was the cnpola over the Original Halle 
an Bi6 at Porif, oompleted in 178S, Fig. 6624. Although 120 ft. In diameter, it* tUckiKW did not 



tiitck, bolted and tied together. At aboat one-third of the height ^ ttw dmne I^tnn the •pringiog 
ertrj third rib wiis dlicontinned to admit of an opening, which waa Klaced. The ribs were about 
21 fL ^lart at the baae, and ttioee nest the openinge were formed with fbur Ihiokneasee of plank^ 
aft the othen having only three. At the top of the dome the riba were (Earned into a eiKoIar ring 
of timber, leaving an open space wUeh waa protected b; a glated canopy, with perforationa for the 
Tentilation of the bnilding. 

No modem eiomple, ezeonted in wood.hBa enrpaeaed thi* donu^ either for simplioityorstrengtii, 
and the focilitiee afforded at the preaent day by toe nae of wrought iron, baa protiably rendered Uie 
exeeutiou of domes of this magnitude in wood a thing of tlie past, except for temponuy pantDsea. 

When a dome la intended to aupport a heavy luitem. it may reqoire the prindpal ribs to be 
■tronger than can be obtained oat of a single piece of timber, but the framing ma; eJwajrs be made 
auffli^tly atrong by using two ribe, with braoea l>etween, and tied. together by ladial plecee aorow 
from rib to rib. A trass of this form, in Pig. 6625, would snstaia a very heavy lantern If the onrve 
of cqnUibrimn were lo pats in the middle between the riba, as the dotted Uoe doeein the figure. 



Tmssee ewnewbat similar to that In Fig. 6625 were need for the roof and aemi-domea of the 
Dublin Exhibition building in 1853. Each truss was formed of two conoentrio vertically-laminated 
riba about 5 ft apart, with intermediate diagonal framing, in whioli both struta and ties were formed 
of timber. The upper or outer rib oonBiatod of ten latoina U to 2 in. in thickness, and 4 to IB in. ia 
depth. The breadth of the rib at top was 18 in, and at bottom only S in., each being atepped 
beck from the lower edge of the pieceding. The inner rib was formed of six 1^ and 2 in. lamms, 
and was 12 in. deep and 10 in. wide. The span of the semi-domea of the great ball was 100 fL, and 
the principal ttnsaes were 25 ft. apart. 

Where a light dome ia required, without ooonppng mnoh space, the ribs may be placed so near 
to each other that the boards can be flxed -to them without raters, c» short atmtt may be placed 
between tbe ribs, as shown in Fig. 6626. 
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Ad* Amm. — ThemoitMDiMbkbleexMnpleaof irondMseaare toboIuimdiiithoaeooTeritigthe 
Boyal Albert H»I1 at KetuiiiKton. and the EihlbitkiB building at Ti«ikDfL The plan of the fbnner 
^Htie la not oironlar, bnt oval witb four centre*. Bonte idea of its size ma; be gatbered from the 
folloving hota. Ita height from the atena to the apriug of the roof is about 135 ft^ and to Uie top 
of the laatem, vbieb sarmoonla the roof, la about 150 ft. The span of the roof la 219 fr. 4 in. 

KISS ft t In. ; and the apau of the outer valla ia 272 ft by 288 ft. The engraTinga of the root 
ga. 6^ to 6610, show dear]; the design and conatmotioD of '.he ironwork. Fig. 6641 ia a 




ia a aeotioo Uuongh the aborter axia, aod Fig. 6S10 ia a pLui of one quarter of the not 



thSM fleurea ehow the genenl diapooitioii of the prindml iad the pnrlinB. Anmnd the wall, kt the 
leiel of the sptioffog m the looi/ia a vntught-inm wdl-plsta, ahown in the dnwing, Cnmad at a 



girder laid boriiontallj, vitb a web-plate -ff in. thick, and 3 ft. 8 In. wide, Bfrensthened at eaoh 
end l^ ^lu. flan^ 8 in. deep, and conneoled to the web by angle ininB 8 in. b^ 3 in. by ) in. 
Beneath eaoh prinoipal ihoe is a plate 1 ft. S in. wide, 2 ft. long, and f in. thick, riTeted throngh 
tUe web-plate to an npper plate I( In. thick. Cpon thia plate is eeonred b; ieja the oaat-iron ahoe 
in which the heel of the pnncipal rests. It Is 2 it 9} in. deep and 1 ft. 1} in.broad, andisformfd 
with a oentral member, 1ft.) in. wide, projecting Tmm each ride of the shoe ao aa to clip the npper 
pisle riretod to the wall-girder, and to which it is secnred by wroaght-iron kejs at the back of the 
alioe. A 1-in. bolt aUo paesea throngh a slot in the projection on each aide of the shoe. Fig. 6628, 
ping thu principal ia onrred to a radina 
The npper member of the prinoipal la 

., . „. .... _„ la of 114 ft. on the amalleat diameter of 

tbe roof, increasing to the maximum apan. The detail* of the prinoipala are shown fnll; in Fig& 
6(j27 to 6811. Tbe npper members of the ribs are 9 in. deep and 11 in. wide, formed of a top 
fl^i>S6Atn.thlak,aecDred toB web of the aame thickncM by angle irons Bin. by 3 in. by .,^ in. i the 
bottom member of the rib has the same dimenaioiis, bnt the flaage-plate is omitted Ttie npper and 
lowi'r chorda of the prinoipala are ocouieeted and etUfened wlui wionght-iron ttrats, aa shown in 
Figs. 6627 and 6G4I. 

The stmts are formed of fbnr angle irona 2} in. by 2) in. by -^ in., diapoaed in palra on each 
side of the web-platca of tlie lop and bottom members of the pnncfpal, and kept aepanted by 



dlitsnee ideoei of cart bm, of the form atea in the onKnTing, The bays betmen ^ ftrnta am 
oocupied with dUgmud biaeiiig, the tie-rods being U in. diuoeter, fcnkedat theendt toieoeneUkO 
web-plkUfl, and ivelled at tLe upper lide to'I } in, diametei. 



Each tniM-rod is fonned of two pieceB, theie [decM being oonpled btfe^thet bj va ftdjnstlng not, 
1 ft in length, to regulate tlie length oT Uie lod. At the heel of the piinoipal, the top and boUom 
'member of the ribe meet, and are formed into one piece b; meani of a ooTer piste atiffeoed with 
angle irons in the manner shown in Fig. 6628. 

TownrdB tlie contre tlie principftls oanverge to a eentral enih. whirh ia elliptical, and oorreaponds 
with the cntreaof the outer wall-plate. This omb. Figs. 6640 and 6641, is 17 ft. 6f in. in depth, whieh 
oorresponds to the maiimnm depth of the rib. It Is a donble ring, tlie top 2 ft. 6 in. deep, and tha 
upper port ig formeil of two girden; the outer one. 9 in, deep, is nude up ot a web-plata and angle 
lion; the iimer oue is 1 ft. Tin, deep, tbe top member being on the some level as tlie outer ring, 
while tbe web extendi 10 in. lower, and forms a curb, against whioh tbe upper ohord of the main 
rib abuts and is bolted. A plate i in. thick and 2 (t 9 in. wide, oonnecU theae inner and ootei 
girders, and, oTetlying ihe lop of the prinoipals, ties them together with eaeh other and with tlio 
cnrb. The oonstraction of the bottom member of the curb differs from tbe top. IteonsiBts of a ,^in. 
web-plate, which ia riveted to the under side of the lower oltord of the principals, and stiffened with 
a flange on the inner side 6 in. deep and i in, thick, tlie web being also stTengthened with two 
Tinni36in bj8in.b;|(n. Tbe spaoe of 17 fL 6t in. between-the top and bottom portions of tlie 
onrb ia filled with vertif^ struts of plate and angle irons, and diagonal strats 3 in. wide by lin. 
thiok. On the outside and inside cuned faaosol the curb dlBgDCal bikciiiK mils KKud Uncomplete 
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springing to the erown of the roof^ and the heaviest ones aro shown in the figures. They aie 
5 ft. 11 in deep, the top and bottom members being formed of angle iron 8 in. by 3 in. by ^ in., and 
are connected by intermediate standards of channel iron, the bays being braced with flat bars 3 in. 
by f in. The first purlin, placed a little above the springing of the roof, differs from the others in 
being only 2 ft. 3 in. deep. At their intersection with the principals connections are made by 
means of gusset-plates on the top of the purlins ; at intervals varying from tlie springing towards 
the crown, run a converging series of light channel iron. A portion of the enclosure is roofed over, 
but a central elliptical space 100 ft. by 138 ft. is left to fbnn a skylight. 

The other example of iron domes is that which formed the roof of the central space in the 
Vienna Exhibition of 1873. The main dimensions, which fiir exceed all ordinary limits, are shown 
in the diagram. The roof of the rotunda, Fig. 6642, is made of iron plates. The lower edge is 
strengthened and supported by a heavy wrought-iron curb, or continuous ciroular box-girder. Tlie 
aperture on the top is stiffened by another curb, and on this curb is erected a lantern, from which 
the whole space below is lighted. If the roof had been made of plate iron unstiffened, then It would, 
for so great a span, have probably sagged between the upper and the lower curbs. To prevent this 
the whole structure is stiffened by heavy girders of plate iron running from curb to curb, while to 
prevent distortion in any other way ring-girders at right angles' to the rafter-girders run round the 
roof All these girders have been put outside the roof instead of insido. 

Coverings for Timber Jtoofe, — The coverings used for timber roofs are copper, lead, iron, tinned 
iron idates of different kinds, tiles, shingles, and thatoh of reeds or straw, and the relative degree 
of slope which each should have is determined by the mode of laying or forming the jointe. 
Taldng the angle for slates to be 26^°, the following Table will show the inclination that ma^ be 
given for other materials, and the weight of each material on a superficial foot of the inclined 
surface : — 



KiodofOoveiing. 



InellnatlOD to 
theHoruoD. 



Asphalted felt , 

Tm 

Goppei 

i-<eao • • •• •• •• 

Zinc 

Slates, lar^ 

„ ordinary 

Thin slabs of stone or flags . . 

Plain tiles .. 

Pantiles .. .. .. 

Thatoh of straw, fto, 



o t 

3 50 



7 86 



22 





26 


88 


29 


41 


24* 


• 



45 






Hdgbt of I 
Roof lo partf Wfllgbt per Saper. Foot 
of Space I 



t 

f 



Ita. 


Un. 


•3 


to -4 


•7 


„ 1-25 


•8 


„ 1 25 


50 


M 7-0 


1-25 


„ 20 


90 


„ HO 


50 


„ 90 


200 


„ 250 


150 


„ 180 


^•0 


„ 80 


6-0 


., 100 



Whenever it is desired to make a roof for a dwelling-house which shall be cool in summer and 
warm in winter, and be dumble as well, it should always be boarded over before the slates are put 
on. In the roofs of ordinary dwelling-nouses this is not done, and hence it arises that the garruts, 
if the house happens to be prodded with them, are freouently unendurable in summer and winter 
from the excessive warmth at one time and extreme cola at the other. 

CcmpQwnd Roofs, — Roofs are occasioniUly constructed of timber and iron, and when the two 
materials are judiciously and scientifically combined, the compound btructure is of an economical 
character. In modem roofs the use of wrought iron in combination with wood has been more 
extensive than formerly. Instead of being confined to straps and screw-bolts, iron is now used for 
king and queen bolts, ties and stnite, and sometimeiS for principal rafters and purlins. But for 
common rafters, which require to be battened ur boarded over, and for tie-beams, which have to 
carry a ceiling, wood has the advantage, from the facility with which other timbers can be fixed to 
it When the roof is not required to support a ceiling, an iron tie-rod is preferable to a wooden 
beam For purlins, principal rafters, ana strute, rolled iron can now be provided of almost any 
suiteble shape and size. 



6643. 




The simplest application of wrought iron in such cases is in Fig. 6643, the same as the ordinary 
queeorpoBt truss, except that iron rods aro substituted for the queen-poets. The heada of these 
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rods are fixed to the iron aocketa, which take the ends of the straining beam and principal rafters. 
The lower ends pass through the cast-iron shoes, which reoeiye the feet of the struts tnat support 
the principal rafters, and are continued through the tie-beam and secured by a nut, which enables 
the bolts to be screwed up tight 

Fig. 6644 shows a form of roof suitable for a shed, where as much clear space as possible in 
height is required. The strain on the rafkers, where connected by the collar-beam, is relieved by 
iron tie-rods, which are suspended at a considerable height by the king-bolt, to which they are 
secured by a screwed end ana nui. The lower ends of the ties are fixed to the cast-iron boxes, as 
shown in Fig. 6645, by which the rafters are attached to the longitudinal bearers over the columns 
which support the structure. 

A bettor arrangement, if it did not interfere with the space in the roof, would be to keep the 
tie-rods horizontal, or nearly so, and to continue the king-bolt down to it, as there will always be 
a tendency to thrust out the sides when the ties are so much inclined, as in Fig. 6646, the arrange- 
ment by which the rafters and ridge pieces are secured in a cast-iron socket. 



M44. 




6645. 




664Y. 




6648. 




▲ better arrangement for an open roof, with iron ties and stmts, is shown hi Fig. 6647. The 
tie-rods tre made to pass through the feet of the rafters, and are secured to a continuous plate of 
wood, which rests on the walls. 'I'lie struts in the drawing are supposed to be cast iron, but a 
piece of wrought J* or angle iron iKOuId be preferable, and could be as readily scoured to the ties 
and rafters. Fig.' 6648 is a very tupt^rior arrangement for a roof which has to carry a ceiling. In 
consequence of the su^peuaion of tlie tie-beam at so many points, the timber is not required to be 
of so large a scantling as in the orditiary queen-post truss. In long spans, owing to the length 
required for some of the struts, wrought iron should be used in preference to wood. There is no 
reaaim why the prinoiplo on wliioh girders are U6ed in the construction of bridgt^s should not be 
applied to roi>fs. 

A good example of a compound roof is represented in Figs. 6649 to 6652. It is erc-cted over the 
lecture room at tne London University, and possesses the somewhat peculiar feature of compound 
purlins of wood and iron combined. 

Cast iron haa also been extensively osed in combination with wrought iron and wood in the 
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oonstnxotion of loofd, but ita adoptiOD is not to be reoommended where there Lb a liability to Badden 
strainBy particularly oroes etrains. 

6648. 




6650. 




665U 



6662. 





Ircn Boofs. — ^Tbe use of cai»t and wrought iron for roofs has so many advantages that tbeir 
employment, especially that of the latter, is very general. Economy, lightness, portability, and 
facility of erection render this material peculiarly well adapted for use in all countries, and par- 
ticularly so in those in which ordinary buildiug materials are scarce, and skilled labour of an 
expensiye character. 

Arched Iron Boofs.—'Roof principals of the first class having a horizontal thrust must in their 
construction have such stability at the springing point as will offer to this thrust the necessary 
resistance. 

The abutments for arched principals can be obtained in various ways. The most natural 

method might at first sight appear to be in making the walls on which the arch rests suflSciently 

strong. In almost all cases, however, this is too expensive, and when it is adopted, the wall is only 

thickened at the points where the principals rest, the part thus thickened forming a buttress or 

abutment. In most instances a tie is intioduced to take the horizontal thrust, as may be seen in 

some of the examples. 

f to d X 
The equation for the horizontal strain at any point of an arch is H = '' , in which 

H = the horizontal strain, to = the load between the centre of the arch and the given point If 

the crown be taken as the origin, x and y are the two co-ordinates. From this equation may 

be deduced the one commonly used in determining the strain at the centre of any arch, girder, or 

to jf* L 

suspension chain. Integrating we obtain H = -^ — . When a; = o H = o. When jp = - , as it is 



for the central strain, the equation becomes H = 
WL 



y 

tcL« 

"8~ 



, but to L s W,and y = D, so that we obtain 



fl = 



8D 



, the same equation deduced in our article Materials of Construction, Strength of. The 

other strain to be determined is the resultant pressure at any point, and is compounded of two 
others, the horizontal strain ond the weight. The resultant pressure acts at a tangent to the line 
of equilibrium, and may be thus obtained ; — Put S for the resultant strain, and B for the angle the 
line of pressure makes with the verticil, and we have S = H cosecant $. 

It has already been stated that arched roofs may be classed under one of two heads, thoae having 
solid and those having open or braced webs. The first of these will now be considered, for which 
purpose it is necessary to have clear ideas of the general manner in whicli the arch is affected by 
strains. On the supposition of a unifurmly distributed load, and that the form of the arch is a 
parabola, the horizontal thrust may be assumed to be constant from the crown to the springings. 
This thrust answers to the strain at the orown, and has been ascertained by the above formula. ' 
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This, It will be seen, u the same fonnula that obtains for the strain on the flanges at the centre of 

a girder having the same span as the arch, and a depth equal to its rise. In the diagram, 

Fig. 6653, let L = 50, B = 10 ft. in., and making W = 20 tons, Mie value of the central straia is 

20 X 50 
B = -Q :rjr = 12*5 tons. Similarly, the strain at any other point may be found by calculation, 

but it is not so correct as that given by a diagram, for the reason, already stated, that the condi- 
tions assumed in theory and in the calculation do not actually prevail when the arch takes its real 
form. We will first ascertain the strain by calculation at any given point, H in Pig. 6653. Let 
W* equal the load upon, the arch situated between the crown and the point H, and S the strain 

already found at the crown. Putting S* for the strain at H, the equation becomes S* = VS* + Wj*. 

In the present instance S = 12*5 and Wj = 5 tons; so that S' = a/12*5* -\-~S^ = 13-46 tons, 
equals the strxin at the point H. This is a special example, but generally, if S be the strain at the 
crown, W the weight between the crown and any point x where the strain is required, then the 

strain S^ at that point is obtained from the formula S* = VS* + W». 

It is obvious tnat the greater the discrepancy between the real form of an arch and a parabola, 
the wider wiU be the departure^ in practice from the results arrived at by pure theory. We may 
now proceed to ciklculate our strains by diagram, and first for the strain at the crown. 

Beferring to Fig. 6653, let F G represent a portion of the radius of the arch ; draw D E at right 
angles to it. D £ will consequently be a tangent to the arch at the point H. Make H K, drawn 
vertically, equal to the load situated between the crown of the arch and the point H. Draw K L 
horizontally to meet H £ at L, then K L is equal to the strain at the crown 0. In Fig. 6653, H K 
is made equal to 5 tons, on a scale of 20 tons to 1 in., and K L measures exactly 12*5 tons by the 
same scale, which is the value already found for the central strain by calculation. As the strain at 
the crown is horizontal, the calculation and the diagram coincide accurately in the result, which is 
not the case at any other point of the arch, the discrepancy increasing the nearer the point 
apraoaches the springing. It is not difiScolt to demonstrate this mathematicuUy. In the triangle 
H K L we have H K = K L x tangent of angle K L H. Put angle K L H = 0. then H K = 
K Ij X tan. 0, Draw the line A 0, then A C is parallel to D EL and the triangles H K L and 
A B G are similar. Consequently the angle K L H equals angle BAG. Galling this angle ^ we 

B C 
have = d' and H K = K L x tan. 9|. By construotion the tangent of angle 6^ = -r-u • And 

A D 

B G = B and A B = half span of arch = -• , so tan. 0' = - . Substituting this value in the equa- 

2 

tion, we obtain H K = K L x 7- . Beferring to the diagram in Fig. 6653, and using the same 

2 

W 

notation as beforej. H R = — and K L = S = the strain at the centre of arch. Putting in these 

W 

values in the formula we get S = ^~=^ = -, , wUich is the fonnula given at the commencement 

2 U o A 

"l7 

of our article. It should be remarked here that the value of B in both Figs. 6653 and 6654 is about 
twice that which would be given to it in practically designing a roof. The reason it is so propor- 
tioned in the diagrams is to allow the construction of the strains to be better shown, which would 
not have been the case had the arch been drawn too flat. The space at our command does not 
permit of the diagrams being made on the same scale as they would be in the engineer's and 
architect's office. 
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*£ 



HaWng shown the method of ascertaining by diagram and calculation the amount of the central 
strain, it now remains to find that at any other point by the former mode of analysis. Let us sup- 
pose that it is required to determine the strains at five equidistant points of the arch represented m 
Fig. 6654. That at G has been already determined for the case in Fig. 6653, and can be equally 
readily obtained for that in Fig. 6654. In this instance L = 100, W = 40, and B = 20. and the 
central strain 8 will bo equal to 25 tons. To determine the strains at the other points D, E, F, and A, 
draw the lines D D', E E', F F', A A', towards the centre of the circle of which the anJi is a seg- 
ment They are therefore purts of the several radii, and the lines D J, E K« F M, and A P, drawn 
perpendicularly to them respectively, will be tangents to the arch at the points where the several 
•trains are required. From these points draw the horizontal lines D G, E H, F L, and A N, making 

8q 
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eaoih equal the stndn at the centre, or equal to 25 tons. From the end of these lines diaw vertloQls 
to meet the tangents, and the Bereral strains at the points D, E, F, G, will be given by the lines 
D J, E K, F M, A P. If they be measured on the diagram upon a scale of 20 tons to 1 inch, they 
will read 25*5, 27, 29*5, and 84*5 tons respectively, or rather more than what they would amount 
to by calculation by the ordinary formula. There is, however^ an accurate method of calculating 
the strains at any point which will serve to check thobO obtamed by the aid of a diagram. The 
strains vary as the secant of the angle which a tangent at any point makes with a horizontal line. 
When this angle is known the strains can be determined. 

In Fig. 6655, let the diagram be a reproduction of that in Fig. 6654, only on a smaller scale, in 
order to allow of the centre of the circle being shown. Suppose it is required to find Ihe birain at 
the springing of the arch ; as before, let A P = S* = required strain, 8 = that already found for 
the crown, and put for the angle PAN. Since the angle P A O is a right angle, the angle PAN 
is the complement of the angle B A O. Making this latter equal to 9', we have 9 = (90 ^— O* If 
the angle B' were known, the problem is solved. To find O', we use the trigonometrical equation of 
the triangle A B O, in which the angle A B O is a right angle, and B O = A B x tan. 0', or tan. 

B O 

9* = Y^ . But BO is equal to the radius of the aich minus its rise. Galling the radius of the 

dzcle R^ then BO s B^ — B. When the span and rise of an arch are given, the radius is fbtmd 

L* + R* 50* + 20* 

from the equation B' = —^ — , when L is the half span. In this case B' =s ^ . _ . = 72*5 ft. 

From this B O = 52*5 ft. By logarithms we have, log. tan. 0' = log. 52*5 — log. 50 + 10. Solving 
we find 0' = 46"^ 24'. Consequently 0' = 43° 36'. Referring to Fig, 6655 in the triangle APN, 

AP = .^. But AP = S' and AN = S', therefore 6' s=-A-. By logarithms log. S' = log. 
cos. COS. a ^ *• o . o 

S — log. COS. + 10. Putting in the values for S and 9', we have log. S* s log. 25 » log. ens. 
43° 36' + 10. Solving for 8* we finally obtain 8* = 34*52 tons, which is the same value as that 
given by the diagram in Fig. 6654. If the values of the secants of the other angles made by the 
tongents with the horizontal lines be found, the resulting strains at those points can be also deter- 
mined. As many points may be taken as considered desirable, but unless the arch is very large, 
four points will be sufficient for practical purposes. 
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Roofs of trussed ironwork in the arch form are especially well adapted for loofii of large span, 
not only on account of the reasons already mentioned, but because the strains upon the bracing are 
oompnratively small, and therefore the full value of the trussed arch is not obtained in exampks of 
limited span. The example of a trussed arch roof. Fig. 6656, has a span of 50 ft., a depth of truss 
of 7 ft , and is supposed to be loaded with 2 tons on the whole roof, or 1 ton on the half principal 
shown in the figure. The thick lines represent the parts in compression, and the thin ones those 
in tension, from which it is at once evident that the whole of the upper flange or bow is in com- 
pression, and the lower or tie in tension. Also BE, G F are struts, and O eTd F ties. When the 
design of a trussed roof is of a very complicated nature, it is not easy to detennine, as in the pre- 
sent case, by mere inspection those parts which are in compression and those which are in tension. 
It is not until some progress has been made in the analysis of the strains that the manner in which 
they afiect the various members of the truss becomes apparent. Having ascertained those bars 
which are struts and those which are ties, the next point is to examine into the distribution of the 
load Referring to Fig. 6656, we have a total load of 1 ton upon the half principal, and it is 
divided as follows;— There will be one-third situated at each of the points B and C, and one-sixth 
at A and D. Thus we shall have at B and G a weight of 0*33 ton, and at A and D a weight of 
0* 165 ton. It will, however, be apparent, by a glance at the diagram, that the weight of 0* 165 ton 
at A is supported directly by the vertical reaction of the abutment, and consequently produces no 
strain whatever on any part of the truss. Its action may be Uiereforo ignored, and the total weigl.^ 
on the principal producing strain on its various parts will be equal to 0*825 ton instead of 1 ton. 
This theoretical assumption will not hold, unless the distance A B or unsupported length of the 
rafter, between the abutment and the strut BE, be of sufficiently limited dimensions so as not to 
allow of any bending taking place. This is always practically effected by subdividing the roof, by 
the introduction of the sbping struts, into lengths which are too small to permit any appre- 
ciable deflection. 

The relative positions of the subdivisions of the load being adjusted, the next operation is to 
ascertain the strains upon the various bars, and in the analysis, as in all other caicnlations, we 
must always proceed from the known to the unknown. At the point of support A, the vertical 
reaction prodaclog strain upon the roof is the sum of the weight at B, G, and D, since tliey must all 
be ultimately transferred to that point. This reaction is therefore eqtial to 0*825 ton. We have 
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therefore throe foroea at the point A, makioR equilibrium at the poiut A, namely, the vertioal 
naction of 0*825 ton, the stram along A B, and the strain in A E. It mnst he kept in mind thut 
aUhongh in practice the arch is a segment of a circle, it is supposed in the diagmm to consist of the 
polygonally-fihaped figure A B C D, the length A B, B 0, and G D being straight lines. t:iich of 
these ifi, in fact, regarded as a s^rate bar, or part of the upper flan^ On a scale of 1 ton to 
the inch, make A H equal to 0*^5 ton ; join AB, and produce the line to any convenient length. 
From the point H, draw H E parallel to A E, meeting A B produced in K. Measuring by the 
same scale, A K will give the strain upon A B. and H K that upon A £, respectively equal to 1 '90 
and 1 *57 ton. It should be observed nere, that were A B in the same straight Ime with B 0, as 
occurs in the ordinary inclined Mfter, then the strain upon A B would be the same as that upon 
B G, plus the additional strain due to the weight at B. But as in the diagram the direction of the 
different bars of the arch is continually changing, the question is considerably more complicated. 
To find the strain upon B 0, we must find the resultant of the strain upon A B and the weight at 
B. Upon A B produced, lay off Ba = A K equal to 1*90, the strain already found for A B ; druw 
ab vertically equal to the weight at B equal to 0*33 ton; ioin B6, which is the resultant required. 
From the point B, draw bd parallel to BE, and Bd will give the strain upon BO, and bd that 
upon the strut B E. There now remains only the central bar D of the upper flange upon which 
to ascertain the strain. This, allowing for the change of direction, will evidently bo less than that 
upon B 0, by the action of the weight at 0, plus the pull on the queen-rod E. Before the strain 
upon D can be determined, that upon E must first be obtained. This obviously proceeds from 
tne pull at the point E, for sinoe E is a tie it cannot be affected by the weight st the apex 0, 
which is supported directly by the arch and the strut F. At the point E, there are two forces 
acting a compression along B E, and a tension along A E, and the resultant of these will pull upon 
both E and E F. The amount of these pulls or tensile strains may be thus ascertained. Produce 
A E to any convenient length, make E A equal to H E, equal to the strain upon A E ; from A draw 
A m parallel to B E. The resultant of the strains in A E and B E will be represented by E m. From 
m draw m nparallel to E F, and m n will be the strain upon E F, and E n the pull upon the queen- 
rod E. The compression upon D can now be calculated. Produce B 0, and upon it lay off 
Op = Bd; from p draw pg^ equal to the weight 0*33, at plus the pull Em; from q draw qr 
parallel to F, and the strain upon G D is measured by r, and that upon OF hj qr. The 
questiofn of what becomes of the weight D at the central apex will probably be now demanded. As 
D F is a tie, the whole of the weight D is conveyed in equal subdivisions to each of the two abut- 
ments, and it has already been accounted for, since it was included in the value of A H, which was 
made equal to the vertical reaction at A. There is yet one more strain to be determined, and that 
is the pull on the king-rod D F. The rod D F can only be affected by the strain upon the strut G F, 
since it is at right angles to the tie E F. But the correspondmg strut upon the other half of tlie 
girder will bring a similar strain upon DF; so that by producing OF, making FS equal to 
twice q r, and dbrawing 8 1 parallel to E F, the total strain upon D F will equal F t. The strain 
upon DF is in fact the vertical resultant of the strains in OF, and the corresponding strut upon 
the other half of the roof. 

The strains having been determined, the^ should be tabulated as in Table I., and preserved for 
future reference. Before, however, oonsidenng the analysis as thoroughly trustworthy, a few of the 
strains should be checked by some independent method, as errors will ^equently occur in estimating 
titem by means of a diagram, which are only perceived by employing another process of analyis. 
The stnin upon E F may be checked by drawing from H the Ime H B parallel to £ F, The line 
H B will equal n m, the strain already found. 

Table I. 





Strains. 


AB 


-H90 


BO 


+ 1-90 


CD 


+ 1*65 


AE 


-1*58 


BF 


-1*33 


BE 


-J- 0-25 


OF 


+ 0*22 


GE 


-0*25 


DF 


-0*22 



Arch. 

Tie-iod. 
I Struts. 
Ties. 



} Ti 



There is this general principle to be borne in mind in determining all strains upon trussed con- 
structions by diagram. Whatever may be the amount arrived at by summation, if the same value 
for the strain is idso obtained by an independent operation, it is scarcely within the limits of possi- 
bility that it should be otherwise than correct. As an example of our meaning, take the strain 
found on the end of the bow A B. It is determined at once by the plotting upon the vertical line 
A H the reaction of the total load upon the half roof. But if each weight were treated seriatim, 
the sum of the separate strains would be found to eoual that obtained in the diagram. It will be of 
great advantage to those who are unacquainted witn the method of analyzing strains by graphical 
diagrams to work this out for themselves on a large scale, and tabulate the several strains arinng 
from each weight. The strain on the central bar of the arch D may be checked by calculation. 
Let 8 equal the strain, L the half span, G the distance of the centre of gravity of the half load from 
the centre of the girder, D the depth of the truss, and W the total load upon the whole roof. 

Then we have S = ^ "1 - . Substituting in this equation the values for the letters, we get 

2 X D 

8 Q 2 



2(25-12-95) 



and Bolvfng the equation, S = 1'72 ton, which diffen onlyby 0'D7 fRnn that 



arriyed at in tbft diagram, a qnantit; that ma; I>e rrgwded bb inapprciHable. Id aoDoliuioD, it 
BhoiUd be meatiiined tLat wburuTer a triuued principal is employed, in wliich a sloping nfte i« 
(ued instead of bq arch, the metliiHl given in tht' present case ia not applicable. It is not diffloult, 
however, to appl; anothei method nhich givea equally trne resulta. 

In tbe conrtrnction of wrought iron arched roof principals, ihe rales by which atone awhes 
are designed need not bo adhurL-il to. A stone arch niuitt lie <rf sufBcient Ihickness to enclose 
within itself all pomible linm of prexanre resulting from Tnrioua loads, bccatige it is asanmed 
that the Tonawiira oF an arch cannot well reatat a tninaTcne sirain. In an iron arch, honeTer, a 
material so apeciall; sailed to resiet traoaverae strains i> employed, that the outline of the arch may 
be designed without strict regard to the linoa of preaanre, if these are duly ounsideted in determining 
tbe dimensions ot the material. 

The sections of arched ril« may, like thoM of glrden, 1m made in many different ways. For 
small spans a single web-platp ia geneially used, bat where the rib ia more than 12 in. dei'P, a 
lattioe or treltia system is preferable, aa alflbrding the neceeearr strength with a moiiB ele^t 
appearance. It ia seldom, except in large roofs, that the Oangea have any bat a dngle "f aectioD ; 
though in all caaea the trough or 
box aectioi. is pecaliarty suitable 
for resisting the strains to wbioh 
a roof ia subjected. 

If the trellis system with vertl- 
ral atmts is adopted, the dfagoaala 
need only be ties, as in trellis 
girders; but if a lattice or other 
triangulated system be used, all 
the diagonals should be struts, ta 
meet the various lines of preasure 
to which tbe arch is exposed. An 
arched roof generally costs more 
than a tmssed mof, if Ihe expense 
of abutments is included. Bat if, 
by the position or err^mgement oi 
the building, abutmi-nts already 
exist, or if for other reasons tbey 
have to be provider], thtn an arched 
roof may be preferable to one of a 
trussol form. 

Wo have aelectod throe ez- 
amplpB of arched roo&, the first 
of ivhioh is that over the oentral 
transept of tlie Crystal Palaoe, at 
Sydenham, England, and ix re- 
markable as being almost the only 
example which exists of this form 
of roof. The other two examples 
comprise one of the solid web or 
plate type, and tbe other of the 
truBsed or open web type. Tliis 
last ia the largest trussed roof 
erected, with the exception of that 
already described and erected for 
the Vienna EihibltJon. TheCrys- 
tal Falaco rooF is shown In generul 
elevation m Pig. G657. An elcva- 
ti«n of a portion of the main rib Is 
in Fig. CUSS, and the details in 
Figs. GG59 to 6C73L This root; 
which baa a span of 120 fL, ia Ten- 
peculiar in its oonatruction. It b 
an arch of socb a depth, that it 
acts partly tta a girder, throning 
upon its supporting structure a 
oomparativcly small horizontal 
thraaL The ooler and inner out- 
line of Ihe aroh is a perfect semi- 
circlo. Htrtidc from tlie same centre ; 
and the rib hag therefore an eqnal i 
depth of 8 ft. tbronghout, the inner J 
radtun being S2 ft., the outer one | 
60 ft. The rib oonaista of a bottom 
and top flang«^ each amsisting of 
two (_ irons 6 in. x Si in., and a )-il 

sq, in, as shown in Piga. 66.59 to 6661 _ _. „ _„ , , 

croiD ooctioii, And are connected togeUier by a double lattioe-wwk, made of flat diagonal bars- 



Eaeb lide of the rib ia divided Into eleren uual pufa, between its apringing nnd ita centre. Baoh 
of thdee ports eoDtalDS two diiifioiiaK one above the other, and etnits radiating to the centre, ooa 
of the BtnitB being » out-inn disbmoe itrot csjiTiiig pnrlios and (x»iiiectiDg tbm to main rib, and 




theofbernwrought-iionetnit mHdooftwochMnelI«ma4hi. 5t 1) io. X J hi., hBringtwodiatMioo 
pieces ri»eted between them. The joinia in 6 in. x 3 in. L fwa are made altem»tely at int^ala 
of about 11 ft., proqor distance piecca filling out the Sf-in. epaco between L i«>n* '^ i"'- "™" ■"' 
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anij with aingle shearing area. At intervals of ahont I ft 9 in., distance mdoes are put between 
I irons, and nxed also by |-in. rivets, the same as in wronghi-iron struts. The diagonal bars are 
tRrongbont 4 in. wide, f in. thick, with an available sectional area of 1*2 sq. in. ninning always 
tiiroagh two diagonals, and are not straight. But they are, for tlie sake of architectural appearance, so 
arranged that they cross exactly in the middle of the rib, and in one-fourth of its depth from its outer 
and inner outline. They are connected at intersections by a f-in. rivet. A round ornamental knob, 
made in two halves, being connected together by three }-in. tap-screws, covers this joint. The ends 
of diagonals and wrought-iron struts are connected with the L irons b^ a l^-in. bolt, as in Fig. 6(359. 

The cast-iron distance struts are shaped according to the wrought-iron structure which tbey have 
to strengthen, and according to the cast-iron end pieces of purlins which are bolted to them by either 
six or four {>in. bolts, as they belong to the 6-ft. or 8-ft. deep purlins respectively. 

The strut has accordingly a cross-section of 7 sq. in. sectional area ; its |-in. web is widened out 
to a pocket for letting the diagonals through, intersecting at this point The web at top and bottom 
of strut is brought out to two lugs, which fit with a washer between the two angle irons, and are 
each bolted to same by one l}-in. bolt. Proper bosses are cast on to the web for eight ^-in. bolts 
connecting purlins to same. Underneath tnese struts, ornamental pendants of -Arin, metal are 
screwed on to sofBt of rib by four ^in. bolts. There are two kinds of purlins, A and a in Fig. 6660, 
one kind being 24 ft long, 6 ft. deep, and the other 72 ft long and 8 ft. deep. The first serve for 
bracing two ribs of one pair together, and the others act as pure purlins between each pair of ribs, 
that is, they have only to support the intermediate rafters. 

The 6-ft. deep purlins consist of a top and bottom flange of two L imns, 3 in. x 2 in. x } in., of 
2sq. in. available sectional area; and are connected by wrought-iron struts and double lattice-work. 
Besides carrving intermediate rafters, they serve as bracing of main ribs for giving them laterel 
stifihess. The struts are 8 ft. apart, and consist of two X irons, 2 in. x 2in. x ^in., with l}in. 
available sectional area, having between tliem in all cases two diagonals, one above the other, similar 
to the lattice-work in main nb. The diagonals are fiat bars. Sin. wide, i^in. tluck. They are 
straight, and run always through two divisions of 8 ft. At their ends, proper cast-iron distance 
strute are fastened to L irons bv one l^in. bolt, and the web is again properly widened out to a pocket 
for receiving the ends of two diagonal oars, which are riveted to the casting by one {-in. rivet The 
8-ft. deep purlins serve only for carrying the intermediate ribs. They consist of a top flange of two 
L irens, 4 in. X 2 in. X i in., 2*44 available sectional area in centre, and a bottom flange of two flat 
bars being at the end 4} in. x f in., in centre 4) in. x {in., with 4 * ^ sq. in. available sectional area. 
These flanges are connected by vertical struts 8 ft. apart, and diagonal tie-bars decreasing in the 
three diogonids next to end, from ^^in. in thickness to | in. to ^ in. to { in. They are respectively 
fixed to top and bottom fianges by a l}*in., If-in., 1-in., and {-in. bolt. All the bare are 4 in. wide, 
the struts are of cast iron of a X cross-section, 2 in. x 2 in. x fin., and diagonals of wood are put 
across the diagonal tie-bars, 4 in. wide, { in. thick, and fastened by |-in. bolts. 

Both purlins carry above each strut an intermediate rafter, Figs. o662, 6668, having the same out- 
line as the main rib. It is made of a ^in. web-plate 1 ft. high, in length about 8 ft. 5 in., with a top 
and bottom ficmge consisting of two L hx>ns 2 in. x 2 in. x { in., in length about 16 ft. 10 in., with 
1| sq. in. avaikble sectional area. A special arrangement is mode for bracing purlins sideways to 
these intermediate ribs. The purlins at the bottom end of their vertical struts are suspended by 
two rods to points of the intermediate ribs, being just in the middle of two bearings or purlins. For 
that purpose, a oast-iron shoe is fixed to the bottom L irons of rafter at those points by four )-in. 
bolts of a proper shape, to receive the ends of the hanging rods, f-in. in diameter. The other ends 
are widened out ic an eye, which is connected to the bottom flanges of the 6-ft. or 8-ft. purlins by the 
bolts, flxing end of vertical strut to the same. The details of this connection are for both purlins 
the same, except the altered angle of the hanging rods. Next to each of the cast-iron end struts of 
purlins a kind of pocket is riveted by eight {-in. rivets, consisting of two |-in. plates, with two l^in. 
thi<^ distance pieces between them, for receiving the ends of wind-ties. These are flattened out to 
eyes, and fixed by a IJ-in. bolt The wind-ties are, throughout, round rods of -1{ in. diameter, and 
form the diagonal bracing between main ribs, as shown in Figs. 6664, 6665. At the point where 
they cross each other thejr are connected by a ring, to whiohf each end of the four is screwed in the 
usual way. The ring is m this case of cast iron, and has a sectional area of 9f sq. in,, strengthened 
by proper bosses round the bolt-holes, and, besides, by two wrenght-iron rinsrs of 1 in. sectional 
area, pnt on while red hot. This connection serves for brinnng a strein on the diagonal bracing 
reds. The covering of this roof is entirely of glass, on the ridge-and-furrow principle. 

The main and intermediate ribs carry wrought-iren gutters, 9 in. wide at the top, 7 in. at bottom, 
4 in. deep, shown in Fig. 6666. They are riveted to top L irons of ribs with (-in. holts, about 9 in. 
apart alternately, and to intermediate main ribs with |-in. bolto in the same wav. To the edge of 
this gutter an L iron 1} in. x 1} in. x -^ in. is riveted, and to this a piece of wood 1{ in. x 2} 
is fixed by 4-in. screws, about 6 in. apart Into this piece of wood the ends of the sash-ban are let 
in, about 1 ft. apart, the top being fixed to the ridge. This miniature roof runs right along the 
whole rib, from the main euttcr to the lower standfurds of the ventilator, and is hipi»d at its ends. 
The main ribs, as well as intermediate ones^ carry at their crown, over the cast-iron distance strut 
next to centre, a lower standard of cast iron 5 ft. 10} in. high of H cross-section. The sides are filled 
in with wood, to which the lower plates are fixed. The ventilator is covered, as the other parts of 
roof, by a number of similar small hipped roofs, Fig. 6667, formed by mere slanting sash-bars, 
having in this case only wooden gutters, each supported by the standard in centre of each rib. The 
outer standards of the ventilator arc held up by a diagonal bracing running from one to the other, 
and consisting of }-in. round rods, which paes throu<;h a slotted hole, spaced ont in the middle one. 
A wrought-iron gutter runs along the base of the outer standards, supported by wood boarding, for 
oonducting the water, which drops down firom the ventilator covering to the gutten on top ribs. 
The main rib weighs 10 tons. The purlins, which are 6 ft. deep, weigh each 12 cwt, those 8 ft deep 
weigh enrh 1 ton 4 cwt. The total ironwork in one bay of 86 tt. weighs 61 tons 3 cwt Each of the 
main ribs is supported by two columns 8 ft. apart, so that each of the flangos storto over ono of the 
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eultumi. Thli is cdbcted by mMDB of a cMt-lron equare tomo 8 ft. 8 in. wide and S ft. high, 
Bbown in Figs. 6668. 6669, bolted to top of each ooltmm b; four l-ln. bolts, and alAo by foiu 1-Id. 
bdta to top of girder oomiMtiDg top of oolunmi. It ooomtta of two pieces of the some aealion as the 
eolomna, oooneoted hj a I'in, web with a lai^e (dniutai bole taken out in the middle, and smaller 
ones in tha oomera. Proper fluiges are oast on the top comera of it, to which each of the flanges is 
btriled br dx l^ln. bolts, by means of a etniDg bmckeL The ctoas.eectianB of this fianie, tbrangh 
the weaceat part of the onlnmns, has 25J in. sectioiul urea, (ho octagon columns being S in. ia 
diaowter and 1 in. thjok, llie web and its fliingea j in. thiok. Tiie [arts of frame acting as bradng 
to the anglea have 9 in. seotional area. Appropriate pockets for leceiving tbe ends of the diagonals 
are ooBttracted in the npper end of web, tbe oatliue of which is siiaped like that of the oast-iron 
diiitanoe itnita. The two diagoualB in the middle are fixed to it bj one IJ-in. boll, and the 
diagonals at the springing of fluiges by one 1-in. bolt («cti. On top of Uie outer column of frame, 
log! are prorided for Siing braoketa of 6} in. inner width nnder the water ontlets of main gutter b; 
fonr 2-in. bolla, witli 1 ft. 2 in. x 5 in. water-way. The main ^tter, shown in Figs. 6670 to 663,7 
mnniog along the whole roof is, on the average, I fL 6 in. wide and 11 in. higb^ It is cast In 
lengtLt of 7 ft. lit in., A to- thick, tbe joints'being made by eleven |-in. bolts. Tbe intermediate 
ribs are snpported by c^-iron standaide 8 ft. high, resting on one of tbe oast-Iron girders 3 ft. deep 
and 23 It, 3i in. long, wbiob serve in the whole building as bracing and fioor, and also carry girders 
between ijofumns 21 ft. apart. Snch gitdets also brace tbe columns lengtliways nnder tbe flanges of 
main rib. Tbe before-mentioned sli^daids have the section of balfa oolomn of B in. diameter, are 
of |-in. metal, and widened out at the top to a bracket, on which the base of intermediate rib is 
bolted by six ^-in. bolts. Tbe lowest of the pnrlins connected to the top of the foune for supporting 
main rib is also oonneoted by fonr }-in. bollx to tbis bracket, and proper Ings are oast on tbe top of 
standard for fixing a bracket, by fonr |-in. bolts supporting main gutt^ at each 8 ft, Tbe borixontal 
thrust of the main ribs ia transmitted by tbe caat-iron frame to tbe ayitem of columns, wUoh ore 
oonDeeled bj oast-iron girders as dcoEribed lieibre, and well braced by diagonals fixed to ends ti 
Itirdeis by means of keys. 

At the interseolioa of vertical diagonals, a similar adjasting oonneotion with a ring and sorew^ 
u that for wind-ties, is applied, the whole being bidden by an ornamental joint cover. Tbe entire 



snoporting strooture up to the ftame is very rigid. It is besides heavily loaded by beariog girder* 
below fioor level, and on one side by a fireproof flooring of brick srohea, and on the other side by 
cast-iron girders fastened (o brick fotmdationa, and oan take easily the thrust arising more from 
wind pressure than from the weight of the roof; which is taken partly by the rib itself; which ia of 
a Ter; great depth. The rain-water is oarried cff in tbe nsnal way by the hollow oolamns. 



bays of 24 R. eftck Tha b»f la hipped at both ends, mi therefore there are only Uve orfinaiy 
principals of 81 ft. B in. clear span. The prinoipalj oonaiBt of wrought-iroo Brobed ribs, the inner 
and outer eurvea being (me cirolee stnicR from tho lame centre, with mdii o{ 43 ft. 9 in. and 
11 ft. 5 in. reapeativ^y. Uie springing of rib being 7 ft 6 in. above centre. The height of rib at 
crown is 62 ft. 1(1 in. above the floor level. The wnnight-iron rib is of the same depth thtooghoui; 
and ooDBiatB of A-in. web, and top and bottom flanges each of two \_ irona 3} x 8} k A. An 
eleratlon of & portion to an enkcged aoale is shown in Figs. 6676 to 6681. 



At every alternate snpportlng place of the parlina the web u wei). 

joined by meana of a joint plate 1 ft. 9 in. x 10} in.,} in. thick, which 
plate is also riveted on to the web at the other pnrlins as a strength- 
ening plate. Angle irons extend always over two lengths of web. 
The ven is ornamented in an original nay. A neat design of holes 
is puncheil out of the solid plate, leaving the material intact where 
it acta in a similar manner to diagonals. Fig. 6676. Tlieae holea,of 
which the larger are about 6 in. in dinmeter, were pnnched ont by a 
simple screw preas, with long levers and heavy weights attached to 
them. When brought onoe into the swing, the mere momentum 
suffices to drive the punch through the plate, which is .^ in. thick. 
The base of rib is fiorizontal. 2 ft. long, while the top flange is 
2 ft. 5 in. above, curled vertically down. It ie flied by eight 1-in. bolts, on each 
side of the web, to the supporting caEt-imn colonm, the angle irons of the bottom 
flange being onrriad ronnd horizontally for that purpose. Biveting is doae thiooghout 
with j-in. rivets, about 4 in. pilch. A board Sf In. wide by 1 in. is flxed to sofSt 
of rib for mora appearance. The rib carriee wtonght-li«a lattice tmilins, at iulorvals 
of 6 ft. 9 in. Un each side of such porlin a cast-iron strat is flied to the rib and 
pnrlin b^ six |-in, bolts. By this comiectloD, the projeoting of the pnilios beyond 
the ribs la prevented. 

The purlins, which an 23 ft. 10 in. long and 1 ft. 6 In. deep, Fig. 6677, ara 
radial, and nre connected to the main ribs by means of the caat-iron end struts of 

Sin. metat b^ two j-in. bolta. Tbey consist of a simple trass, the lop and bottom 
mge of which are each formed by two [_ irons 3 X 81 in. The top flange is also 
connected by {-in. bolts to top Biaige of main rib. Cast-iron stmts. S ft pitch, and 
flat bar diagiDoal braoing 2} in. wide, increasing from } in. to | in., and 4 in, in thick- 
ness, conneot the flanges of the truss b^ {-in. bolts, serving as pins for dia^nals. 
Woodeu diagonals are also used for giving the appearance of a compete diagonal 
truss. The purlins support at each strut a wood rafter 6 in. in depth, claoh alternate 
strut is so enlarged as to form brackets connected to the wood taflets by .J-in. bolts, 
which are employed to keep the purlins in their radiating posilioa. The other strnts 
are bronght out at the top to more Inga flied to rafters by {-in. coach screws. 

On tbe top of the mam nbe a piece of wood 5} in. x 3 m. is 6ied For nailing the 
1-in. boarding thereto. The 1-in. Ijoarding is covered by Italian zinc near the crown, 
and at the lower part by slates, A portion of the roof ia glazed. The ends of the 
roof, it being hipped, are formed by ribs whieh are generally constructed like the 
ordinary ones, but stronger in croee-eection. One ordinary rib weighs 5^ tons. The 
weight of pnrlins, and standards for one l»y. ia 9} tons. 

The ironwork for one bay of root weighs 14J tons. 

Each rib is supported by a cast-iron column, see Fig. 6682, 23 ft. high from floor, 
level to bottom of gutter, of an octagon section, and 1} in. thickness of metal. The 
base is also octagonal, 2 ft. 10 in. high, and at tbe bottom of 2 ft. inscribed diameter. 
At a height of 19 ft. 7 in. from floor level it widens out into an octagon oapital of 
2 ft, 9 in. inaoribed diameter at tho top. The base is plain. The top is a little o^ 
raised l»vee. Above that, tho column widens out into a kind of flat boi, 4 ft. 2 ii 
bracket in front, supporting the horizontal plate to which tbe 1. irons of base of colnr 
The horizontal plate extends over the middle of the continued column, leaving oi 
bracket openings for receiving outlets of gotlera. The oolumn changes above this horizontal plate 
into a verliral pleoe of H section, 1 ft. x lOJ in. x 71 in. x 1} in., 4 ft. x 4 in. high. The vertiral 
part of the blue ofrib is bolted, as already mentioned, to the inner flange, 10) in, wide. The bracket 
lu front appears as an ornamental bracket, of the aame thickness as the flat box forming part of 
column, wiiich is in elevation shaped like the two brockets supporting the outlets of gutter on 
each sideofoolumn, supporting outlets and tbe nppetflaoge of tbe H >">d, a frame II ft. 6 in. long 



I. high, with a 
ans are bolted. 
1 each side of 
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i« fixed bj vz 1-in. bolts. It oon^ts of an'&rch of 5 ft. 1 in. Mdln* of bottom outline, md on th« 
top K square tmoe 2 ft 6 in. deep. All the main ilangea are 8 in. wide J in. thicl^ only tlie nppei 
flaztge of fi«me I ft. wide x } in., tbe web beinc 1 in. thick. 

^fhe other end of tiie frame is mit&bly providea with a vertical flange and a lajt at the bottom, 
for reating on the wall, being besides bolted to it by fout 1-In. bolts. The horizontal thrust is ill 
this root taken by a very peoidiai airan^ement. On the lop of the frames just described, on each 
end strong boxes are cast on, each of whioti oontaina a pin dropped into it fri^ above. Theae pins 
coDnect the ends of diagondl bracing rods, with eyes on one end and key ediostment at the other. 
AloDg the ontei boiea a wrought-ircm flange raoa tlirougboat tlie length of the bnilding. TUe 
flange, ooiuisiing of four plates 1 ft. x 1} in., and two L >^ns 3 ft, x 3 ft. x i in. in centre, ii 
convicted l^ tbe pins to the diagonals. On the other hand, the eatter acts as Uie other flange of 
this boriiODtal guder, and is made snfflciently strong, being 11 in. thick. The single lengths of 
gntlen ara Donneoted together by nieana of eight 2-iii. bolts, being equal in Boctioual area to the 
•bengtb of the gutter, of course piercing the web of tbe X-shaped part of oolnmn. 

As the gutter is sometimes exposed to tensile string, it requires therefore the aboTe-meutioned 
area. There are eight diagouEds, one for each bay, and tlie dimensions of the rods increase from tbe 
c«otre towards the ends. This roof offers in its longitndtna] direotion «o great a resistance to tbe 
force of tbe wind that wind-ties are unnecessary. The gutter, wbioh is 1 ft x 5} in. deep, 1 ft 
wide, and 23^ ft x 4 in. long, and 1| in. thick, baa at distancea of 3 ft email shoes cut on, 
which receive the endi of tbe intermediate rafters, 6 in. x 3 in. The rafters are placed aoRMi tbe 
IS-ft. ooiridor at a proper slope, laid with 1-in. boardine and covered with slates. Tbe other end* 
of theoe rafters rest on shoes on tbe wall sarroDuding the hall. The gutter is covered by a snow 
grating, wbioh is 1 ft. x S in. wide, and oast in leogUs of 6 ft. It rests on small sapporta fixed by 
two f-in. bolts to cioflo-pieoeB cast on the gutter at every seoond pair of shoea, and serving ai distaooe 
pieces in the casting while it ooola and prevents it iWim warping. These distanoe pleoes most 
always be made with a top flange, otherwise tbe other parts of castings piOTe stronger in shrinking. 
and tear it in the middle. The rain-water is carried sideways by the bra^^t^aped ontletsof 
liters into the oolnmn, and carried off to the drain pipes. The ca^ and wtonght iron work of one 
J [if roof weigtii 14{ tons. The oaot and wtoogbt iron work of one bay oT supporting sbnMtnre 
weighs 171 ^'"^ 
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from oa&tre to oesitn^ and have three Intermediate ribs between them at eqnal dietanoes apart, 
carried at every 18 ft. 6 in. by tnused purlins between the main ribs. The form of the rioe is 
entirely novel. Thev spring directly firom the ground, and are firmly connected to massive brick 
piers below the floor level. The onrve of the ribs is of two radii of 160 ft. and 57 ft., mee^g at an 
angle in the centre 100 ft. above the level of rails. The ribs are 6 ft deep, and formed with open 
box flanges 10) in. deep ; the flanges being braced together by diagonal channel irons and radial 
gtmia forming the ends of the purlins. The lower parts of the ribs, to a height of about 25 ft. from 
platform level, are oanstmcted of plates and angle irons riveted together. The intennediate ribs 
are lOj^in. deep, and consist of angle irons braced with diagonal bars. The purlins are braced, 
beams 18 ft. 6 m. apart. They are so constructed that they stiffen the main nbs laterally. The 
bracing is so arranged as to carry the proper proportion of each of the three intermediate ribs, 
besides assisting to keep the bottom flanges of the main ribs in place. The whole of the roof is 
braced horizontally to resist any strains that may be caused by the pressure of the wind either on 
the gable or on the side. 

This roof virtually springs from the ground, the side walls being merely screens to hide the 
flpringings. The main ribs are tied underneath the platform by a system of wrought-iron girders 
lor the purpose of counteracting the outward thrust which is common to arched roofs. This prin- 
dple of providing fbr the horizontal thrust of large roofs of this description, has been succes^dlly 
applied in other instances. When iron girders are thus employed, they not only serve tlie purpose 
oi supporting a platform alone, but thev can be made to cover a certain number of spans or inter- 
nals below, and the snace thus obtained is utilized us vaults and cellars. 

Drusaed Ro^tfr. — ^Ail the principals belonging to the second clsss are essentially i^irders or trusses, 
and consist of a top membar which is in compression, a bottom member whicli is in tension, and 
various struts and ties arranged within the space between the two, to support the top member and 
the load at intermediate points, and to transmit the strains produced at these points to the end sup- 
ports. Instead of attempting to divide into classes, according to their chanucteristio features, the 
innumerable forms adopted for trussed principals— a task hardly possible when it is oonsideied how 
one system is mixed with another — a few forms have been selected which, directly or indirectly, will 
include most of the varieties which exist The difieient kinds are shown in Figs. 6685 to 6693, and in 

e08S 6686. 6687. 6688. 




•689. 6690. 





6691. 6692. 6693. 





eaoh ease the thick lines represent oompreaslve members, and the thin lines members exposed to 
tension. Fig. 6685 is of the simplest kind, and is equally serviceable for large or small spana The 
short stmts are often made of csst iron, and owing to their moderate length, this material can be 
safdy and economically applied without excessive weight The connections are symmetrical, and 
have a natural, unconstrained appearance. For the larger spans, those over 40 ft, it becomes neces- 
sary to construct the two upper rafters as girders to resist considerable transverse strains, because in 
a roof of such a size there must be purlins between the points a, h and 6, c. Boofs with this kind 
of principals are sometimes called French roofs. Fig. 6686 is of the same Mnd as Fig. 6685, but with 
tiie strut so placed as to support the rafter in two pomts. Fig. 6687 is also of the same kind as 
Fig. 6685, but with longer rafters doubly trussed. The three forms just described are marked by 
the absence of vertical members, and for this reason the system is not a convenient one for hipped 
roofs, and for those roo& also where a longitudinal bracing between the principals is required in a 
vertical plane. Fig. 6688 may be considered as the elementary form of a class in which vertical 
members are introduced, and in which the stmts are not perpendicular to the rafter which they 
support. The same system is carried out in Fig. 6689, where each rafter is nupported at three points. 
This kind of truss is most commonly used for hipped xoofs in which a vertical member is required 
at the junction of the hipped part. It is applied to spans up to 60 ft Fig. 6690 resembles Figs. 6685 
to G687 in having the struts perpendicular to the rafters, and in having no verticals: but in the 
general arrangement of the parts and of the connections it resembles Ing. 6689. The advantages 
which this form of truss. Fig. 6691, affords are, the curved shape of the tie, and the fisivourable or 
large angle of the tie at its start, which is at a. Hie parts a c, and o 6, may, or may not, form part 
of the truss, which is complete without them, between a 6, 6 6', 6' a*, but they are useful as forming 
bracing with the columns or walls, thus rendering the complete structure of a building more 
rigid and self-contained than with any of the roof fonns from Figs. 6685 to 6690. The desig- 
nation of roof trusses is applied to forms in Figs. 6685 to 6692; the term girder being 
DcMom used, altiiough there is no important difference between trusses of this kind and girders. 
Fig. 6692 is sometin^ used when the roof covering must be interrupted to admit of ventilation. In 
its construction it resembles even more than do the preceding forms an ordinary girder, and there is 
nothing special to remark in it Fig. 6693, which nom its shape may be called a sickle girder, has 
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loet almost all traoes of a roof tmaa, and in detail Is oonatracted very mnoh like a bowHBtrinff girder 
with a top member to resist compresBion, and the bottom member a simple tie. The space between 
the two members is oocnpied by bracing, which is of a light nature, and may be of the character 
shown in Fig. 669S, if the ends are not mpped. In all trussed roofs the divisions of the rafter and the 
distance apart of the stnits must be arranged to suit the kind of covering adopted. 

Strains upon Trussed Roofs, Simplest Form, — The simplest case is that represented in Fig. 6684, and 
the strain upon the different members 

will be ascertained and tabulated. It ^^' 

is an ordinary king-roof principal, and 
answers well for miall spans. In the 
figure the span is 20 ft, the rise 5 ft., and 
the total weight upon the whole principal J 

is taken equal to 2 tons, so that 1 ton m^y^ 

will be tiie load distributed over one- \~zfi^ 
half of it. The same conditions will be i ^^ ■ 

assumed with respect to roo& as have 
been already luid down for bridges, and ^ 

it will be always considered that the component parts of the structure are strained only in the direc- 
tion of tiieir length. The component parts of all the examples of roofs which will be investimted 
will be assumed to be unacted upon by any other strains except those already mentioned, and will 
virtually be secured against their influence, either by their short length, bracing, or form of section. 
Before proceeding to the graphical analyslB of the strains upon the diagram, the first step is to 
ascertain the manner in whicli the load is distributed. With 1 ton upon the half truss there will 
be 0*25 ton supported directly at A, by the reaction of the supports, and will practically exert no 
effect upon any part of the principal ; 0*25 ton at the apex C, which is resisted by the couiitenictioa 
of 0*25 ton, due to the load upon the other half of the truss, making in all 0*5 ton at the point 0^ 
and 0*254-0* 25 = 0*5 at the point D. As we are only considering half the principal, the load 
at the apex O will be taken equal to 0*25 ton, or one-half of that which is supported at that 
point by the joint action of the two rafters, llie distribution therefore will be as follows ; — A 
quarter of a ton at A and 0, and half a ton at D. Sometimes the whole load on one rafter is oon- 
sidered to be equally divided among all the points of supports, in which case there would be one- 
third of a ton at A, O, and 0. The former method is to be preferred as the more accurate, and it 
wiU always be adhered to in all similar instances. Moreover, in making the assumption that the 
weight is equally distributed, there is a larger portion borne directly by the support at A than upon 
the former supposition ; and as this is consiaered to exert no s^ln upon tne truss, it should 
evidently be kept as small as possible. Let us now examine in detail the action of the weight of 
tiie several points upon the raner, and determine the strains they give rise to in the various parts 
of the demi-tmss. 

The weight at A is resisted directly by the vertical react/.<*A of the wall, and consequently 
produces no strain upon any part of the prindpal, so that we mf 7 pass on to that at D. 

This weight of 0*5 ton is in the first instance supported by the resistance of the lower part of 
the rafter A D, and that of the stmt D F, causing strains of compression in both of them. Their 
amount may be readily determined. Make D a by scale equal to 0*5 ton; draw ad parallel to 
A D to meet the strut D F, and a d will equal the strain upon A D, and D d that upon D F. The- 
strain A D upon the rafter is transferred to the point A, where it is resisted by the action of the tie- 
rml A F, ana the vertical n action of the support at A. Making A K equal toad, and drawing 
K 6 parallel to the tie-rod — ^tbat is, horizontal, to meet the vertical line A h — the strain upon the 
tie-rod A F is equal to 6 K. These, however, are not the only strains brought upon the part A D 
of the rafter and the tie^rod A F by the action of the weight at D, as will be apparent on proceeding 
to examine into the effect of the strain D d upon the strut D F. The compressive strain Ddii 
transferred to the point F, where it is resisted by the bars A F and F 0. IPlotting F/ equal to 
D d, on the prolongation of the strut D F, and drawing/ c pai-allel to F G, the strains upon A F 
and F G are represented by F / and F c. The strain up<jn A F may be disregarded, as it is counter* 
balanced by one of an opposite tendency and equal ia amount from tlie weight at £, which also 
brings another equal strain upon the king-rod. The total strain upon the king-rod is equal to 
2 X /c, but only half of this has to be reguxled as affecting the other members of the half truss. 
Following the action of the strain /c, it is transferred to the point G, where it is represented by 
G 6. If 6 / be drawn parallel to the tie-rod A F, then G K will represent the strain upon the part 
G D of the rafter. This strain is again transferred to the point of support A. tliereby causing an 
additional strain upon the lower part of the rafter A D, and upon the tie-rod A F. 60 far, therefore, 
the total strain upon A D is equal toAKxGK = 2AK, and that upon A F to 2 6 K. In this 
instance tlie separate strains upon each member of the principal are equal, but this is partly due to 
the manner in which the load is distributed, the ratio between the span and rise of the roof, und 
the horizontality of the tie-rod, as will be more fully perceived in checking the strains by mathe- 
matical analysis. The whole action of the weight at D has now been accounted for, and it remains 
to examine into that of the apex G. This, by the distribution of the load, is e^ual to 0*25 ton, and, 
upon the scale of strains, equal to G 6. Its action is therefore identical with that already oon- 
sidered, and it impresses upon the rafter an additional strain equal to G K upon G D and upon 
A D, and consequently an additional strain equal to 6 E upon the horizontal tie-rod. Instead 
of taking the last two strains separately, they miffht have been made equal to G A, and conse- 
quently oj and hj would have represented the result upon the two parts of the rafter and tl>e tie- 
rod, being each of them respectively equal to 2 G K and 2 6 K. A reference to the diagram 
will indicate that the strains may be arrived at in a somewhat different manner, hj resolving the 
forces as shown at B. If these be compared, with those already determined, the identity will be 
estaUished. The strains may now bo tabulated as represented in Table n., and may be briefly 



2812 BOOFS. 

summed up as follows ; — Strain upon A D = -f 3 A K ; npon DG = 4- 2GK = Gy; apon A F 
= — 36K: uponOP=: — 2/c; and upon DF = + D d. 

There is clearly some analogy in the action of the strains upon a trussed xxx>f and those upon a 
girder. In both instances they are augmentative, according to the number of separate parts or 
bars in the structure, but the direction in which the increase takes place is not the same. Thus in 
a horizontal girder the strain upon the flanges increases towards the centre, but in a roof they 
increase towards the abutments, the lower end of the rafter having to resist the maximum strain. 
A similar increase attends the strains upon the tie-rod, as will be pointed out when examples are 
treated of, in which the tie-rod consists of two or more separate barn. If the rafter G B oe con- 
sidered in the light of the last, or end bar, of a lattice of a Warren girder, the total strain upon the 
lower portion may be arrived at in exactly the same manner as in that case. The total reaction at 
B is equal to 1 ton, but of this one quarter is directly supported by the wall, so that the portion 
affecting the rafter is reduced to 0'75 ton. Making B m = 0*75 ton, and dra¥ring mn parallel 
to the tie-rod, we obtain Bn, equal to the total strain upon EB, and mn equal the total pull 
upon the tie-rod. It has been assumed in this investigation that there is no weight, such as a floor, 
for instance, placed upon the tie-rod, but if such should be the case, it should be distributed between 
the three points of support A, F, and B, and the weight added to the strain already obtained on 
F G. The result will be an increase on all the strains with the exception of that upon the struts 
D F and F E, In this particular description of iron structures there is very rarely any permanent 
load upon the tic-rod. During the erection of the roof, and at the subsequent periods of repair, the 
tie-rod is subjected to a small permanent load, consisting of the necessary scaffolding and workmen, 
but this is not of sufficient importance to be taken into the calculation, as the margin allowed for 
safety will more than cover it. 

Where there are so few parts, as in the first example we have selected in the diagram, all the 
strains may be readily calculated by a few simple equations, directly the theory of their action is 
understood, that is, provided their effect upon the various members of the truss can be traced from 
their origin to their final resistance at the points of support. Let W represent the total weight 

upon one half of the truss, then there will be a weight of -^ , situated at the point D, and of 

W W 

-2 at A and G. The strain upon the end of the rafter?resulting from the weighs -^ , is equal to 

W 

ad, and hy oonstrootioQ ad s dV, Drawing dd^ parallel to the tie-rod, dd* = (f D = -7- and 

W W 

angle ad<f s $. Putting ad s S = strain on AD, we have S = -r—. — - = -r- ooseo. $, To find 
** ** 4 sine 9 4 

GF 5 

the value of 0, we put tang. ^ = af = Ta "^ 0*5000 and 9 = practically 26^ 34'. Tracing the 

W 

action of the weight — , which is the vertical component of that already determined, it will be seen 

that it is transferred to the apex G, and again resolved into a thrust upon the rafter. 

Summing up, therefore, we have the total strain upon the lower part of the rafter equal to these 
XI J *,. i. a jW . W . W\ ^ 8 W X cosec. B ^ „^ ^ 

three, and therefore S = |x + T "^ T/ ^ **'*®' ^ = 4 = ®*75 x oosea 0. But 

ooseo. B a -; — -Tf then 8 = 0*75 x 2-234 = 1'67 ton, which agrees with the result given in 
sine V ^^ 

Table U. The total tensile strain or pull upon the tie Is the strain which resists this thrust on the 

rafter, and is consequently its horizontal component, and is represented by mn in the diagram. By 

construction, the angle mnB equals the angle 9, and putting 8* for tiie pull on the tie we obtain 

6^ = 8 X cosine B. From above 8 = 0*75 x ooseo. ; therefore 

8^ = 0*75 x ooseo. B x cosine B = 0*75 x cotang. B = 0*75 x 2 = 1*50 ton. 

Obviously the thrust npon G D equals that upon A D, minus a d^ therefore equals 

8 — (0*25 X ooseo. 0). 

The strain upon the strut DF = ad, and needs no further elucidation. It only remains 
therefore to calculate that upon the king-rod. This is equal to 2/c Let it be put equal to 8*, 
and wo shall have the equation 8* = 2 F/ = 2 Dd = 2 ad x sine B, But ad = 0*25 x coeeo. 9, 
therefore 8' =: 2 x 0*25 X coseo. B x sine = 2 x 0*25 ton. This completes the calculation of 
the strains npon the half truss. It must not be forgotten that a horizontal thrust is generated at 
the apex G, which is resisted by one similar in amount and direction, due to the action of the load 
upon the remaining half of the principal. This would be rendered apparent if the other half of the 
truss were replaced by a wall. As some of our readers may not be acquainted with trigonometrical 
calculations, the following equations will enable them to check some of these strains they have 
. determined by the aid of the diagram by simple arithmetical means. The rule for the total strain 
npon the end of the rafter may be thus expressed ; the total strain upon the end of the lafter is 
equal to the total weight supported by it, multiplied by the length of the rafter, and divided by the 
rise of the roof. The rise of the roof is the distance m)m the middle part of the tie to the apex oz 
junction of the rafters. If P be the le ngth of the rafter , L the half span, and B the rise, thra 

P2 = L« + R« and P = VI?TB« = VlOO + 25 = 1118. 

Substituting these values in the role, the strain upon the end of the rafter equals 

0-75 X 11*18 _ „, 
=1*67 ton, 
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M before. Binoe the total rtndn npon the tie-rod is the horizontal oomponent of thia, the rale for 
it is, the totftl sfarain upon the tie-rod is equal to the total weight upon me rafter multiplied by the 
half length df the tie, and divided by the rise. Consequently in the present case it is equal to 

0*75 X 10 

!^ = 1-50 ton, as in Table IL Similarly to a girder, the strains upon a roof principal 

5 
are increased in the ratio of the span, and diminished in the inverse ratio of the rise, which is 
virtoally the depth, and exercises the same influence over both examples of construction. 

Table IL 



Weight at 


AD 


Parts of Um Half TnuB. 






DC. 


AP. 


CF. 


DF. 


A 

D 

*.. .. 

B 


+0-55 
+0-55 
+0-55 

• ■ 


+0-55 

+6'55 

• • 


-0-50 
-0-50 
-0-50 

• • 


-0-25 

a • 

-0*25 


+0-55 

• • 

• • 

• • 


Total 


+1-65 


+110 


-1-50 


-0-50 


+0-55 




Single Roof Thus vith Diagonal Bracing, — ^It has been already mentioned that the tie-rod of 
a roof tmsB is usually placed in an inclined position. Before proceeding to analyze an example 
of that description, we will investigate the one illustmted in Fig. 6695, in which the span, nse^ 
and rate of loading are identical with those adopted in 
the example on p. 2811. The difference consists in the 
manner in which the bracing is arranged, and the two 
examples should be carefully studied and compu^ 
together, so that an accurate estimate may be formed 
of their relative advantages. In the diagram, Fig. 6695, 
the struts approach nearer to a perpendicular position 
with respect to the rafter, while the tie or queen-rods 
are no lonp^er vertical, but inclined at different angles 
to tho honxontal. Tnis description of bracing, allow- 
ing for the varying angles of inclination, is similar to 
that of a Warren truss or girder, and' it is preferable 
to the older form represented in Fig. 6689. Tho 
majority of the struts in the Litter instance are shorter than the corresponding ones in the 
former flguze, and are consequently not strained to quite the same amount. This difference 
would be «hown more oonclusively if, instead of the unit weight selected for the purpose, the 
actual weight likely to be placed upon a roof of the given dimensions had been adopted. The 
former, however, possesses tne advantage of acting as a standard for all similarly trossed roofs of 
the same span and rise, since, to find the actual strains upon the various parts, it is sufficient to 
multiply the strains given in Tables I. and II. by the i^roper constant, or the number representing the 
ratio between tho unit adopted and the load in (question. In the present example the strains are 
divided into two classes, under tho heads of direct and transmitted strains. So that it will be 
perceived how the action of the same weight is multiplied, again and again, by the different parts of 
the bracing. It is of very little use to be acquainted with the total strain on any partioular bar, 
unless the designer of a structure is capable of analyzing Uiat strain, dividing, and, as it were, 
dissecting it into every one of its component parts. Mathematical formula, wherever they are 
applicable, suffice for calculating the total amount of any strain, but they do not afford the slightest 
clue to the manner in which it has been gradually and successively accumulated. They give, it is 
true, the result of a load, but impart no information respecting its intermediate action. As an 
instance, take the formula fur the strain upon the last bar of a Wanen girder, where 8 equals the 
strain, W the total load, and $ the angle of inclination of the bars to the horizon. The calculation 

IS at oooe made by the equation 8 = '— ; but the equation affords not the slightest 

information zespeoting the manner in which the successive strains are obtained, until they reach 
the total ropreoented by 6. 

The direct strains result from the action of t^ose portions of the total load situated at the points 
B, C, D, K, and F, and affect the several bars of the rafter and the inclined struts attached to them. 
It will not be necessary to do more than to indicate briefly the effect of the strains, represented by 
the lines of tho diagram, as the principles of the analysis and the geometrical reasoning have 
already been enunciated. Moreover, Table III. has been constructed to show at a ^ance the 
direct strains resulting from the weights placed at tho different apices of the triangles. The distri- 
bution of tho load willbe the same as before ; therefore, making the vertical lines B a, </, Dtf, E/, 
respectively equal to 2 ton. the direct strains u^n the rafter and struts are given by the other 
sides of the triangles, and will be found to agree with those in Table III. 

At the apex F the weight is only half that situated at the lower apices; so that F/ = O'l, and 
F k equals tne strain upon the part of the rafter E F, and is also added to those already obtained 
for the other parts. It might, perhaps, bo considered that the addition of the strain upon B C, or 
upon any other bar of the rafter to that upon A B, should be regarded as a transmitted strain, and 
not a direct one. 8o it would, were the direction of the strain altered, but it is not. Both the direc- 
tion and nature of the strain remain constant, and, moreover, A B, B C, and, in fact, all the separato 
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ban of the rafter A F, are In reality but one bar, although theoreticaUy subdivided. Thb is clearly 
not the case with the strain induced upon the bar U G by the action*of the weight at B. The com- 
prcsdye strain in the strut B H is changed both in direction and character when transmitted to the 
oar H G or A H ; but the strain upon the bar B G from the weight at G undergoes no change of any 
kind in amount, character, or direction in passing to the bar A B. It is a simple addition, and so 
for the other strains transferred from G D, D E, and £F. 

Tablb ni. 





Dlx«ct Weight* at 


Total SCnlM 


Palis of tne uali rrnw. 












B. 


c. 


D. E. 


F. 




AB 


+0-165 


+0-0975 


+0-0675 


+0 055 


+0-245 


+0-630\ 


BO 


• • 


+00975 


+00675 


+0 055 


+0-245 


+ 0-465 


CD 


/ •• 


• • 


+0 0675 


+0055 


+0 245 


+0-367 Rafter. 


DB 


• • 


• • 


•• 


+0-055 


+0-245 


+0-300 


EF 


• • 


• • 


•• 


• ■ 


+0-245 


+0-245; 


BH 


+0*200 


• • 


• • 


• • 


• • 


+0.200 


GJ 


• • 


+0-185 


• • 


• ■ 


• • 


+0-185 «, . 
+0-182 ®*™*^ 


DK 


• • 


• • 


+0-182 


• • 


• • 


EL 


• • 


• • 


• • 


+0-185 


• t 


+0-185J 



There is no readier method of ascertaining the strains in Table III., than that demonstrated 
in the diagram. In consequence of the indinntion of the bars and their deviation from the 
▼ertioal, the trigonometrical calculation of the thrusts, or compressive strains upon the differeiit 
parts of the rafter and struts, is not capable of being so easily effected as in the former instaooe, 
where the queen-rods were perpendicular, nor is there any advantage to be gained in resorting 
to that method. The manner in which the half truss is affected by the tnuismitted strains is 
represented in Table IT. By the aid of the diagram there will be no difficulty in following the 
analysis, and there is no point calling for especial notice, with perhaps the exception of the strain 
upon the centre bar L M of the horizontal tie-rod. This is found equal to — I -069. It is evident, 
on inspection, that the bar L M is aot in any way aflboted by the strains upon tiie intermediate 
struts and ties, forming the component parts of the truss. The strain upon it is exactly the same 
as if they were all removed, and the truss consisted simply of a rafter A F and the half tie-rod 
A M. The ti)tal load will then be supported at the two points A and F, half at each point Make 
AN equal to this load equal to 0-5 ton, and draw N B parallel to AM. The line NB will scale 
1-069, and will represent the strain upon the bar AM, or L M. Whatever form of truss maybe 
adopted, or whatever may be the numbar of the secondary or subsidiary tnuses, the strain upon the 
centre bar of a horizontal tie-rod will be that due solely to the loading upon the primary 4russ, and 
will be altogether unaffected by the introduction of smaller secondary trusses and bracing. This 
will be better seen in the example of a roof with an inclined tie, as will also several other condi- 
tions of strain, which are not so apparent in the simple instance in Fig. 6695. The durect and 
transmitted strains may now be summed up, and tabulated as shown in Table V. 

The sum of the two descriptions of strains represents the total strains resulting from the whole 
weight of the truss. The strains upon the ends of the rafter and the tie-rods, that is, upon the 
bars A B and A H, may be checked by plotting the total reaction of the load at the abutment and 
completing the triangle of forces. 

&Uce A P equal the reaction, draw P P^ parallel to the horizontal tie, and A P' and P P^ will 
ffive the measure of the strains upon A B and A H to the same scale. Or the same results may 
be obtained by the formula already given, which, however, it must be lemembered, only applies to 
those examples in which the tie-rod is uniformly horizontal. Let 8 and 8* equal respectively the 
strains upon the ends of the rafter and tie-rod, or upon the bars A B and A H. Putting d for the 
angle of inclination F A M, and W for the total weight upon the half roof, then S = W x coseo. B 
and 8* = W x cot. and 8 = 2-124, and 8* = 1*929, which agree with the strains found by 
summation in Table Y. 8imilarly the strain upon the bar L M of the tie-rod may be found by 
calculation. 

The natural cotangent of 25 degrees being 2*144, the strain required equals 2*144 x 0-5 
s 1 *07 ton. The member which has the greatest influence upon the stoains upon a roof is the tie- 
rod. Directly this becomes inclined from the horizontal, it modifies the amount of the strains in 
all the component parts of the trass, and it is no longer possible to check the sums of the strains 
upon the ends of the rafter and the tie-rod by the same simple methods already adopted. This 
follows from the fiict, that if the portion of the tie-rod situated next to the rafter be inclined 
upwards from the horizontal, whilo the central portion remains horizontal, there are no longer 
three forces making equilibrium at Uie abutment, but foar. 

One operation is therefore not sufficient to resolve the strains upon all the bars affected by the 
vertical reaction at that point It must not be assumed that tlie process of analysis which answers 
for a simple example, is also applicable to others of a more complicated and scientific form. 

In the praoticid designing ot roofs, if they be thoroughly well secured by wind-ties and bracing 
from the sudden action of violent strains, the material may he taxed a little more than in the case 
of a bridge. So far as tiie parts in tension are concerned, it might he safe to increase the 
stereotyped 6 tons to Q tons an inch of sectional area, but it would scarcely be prudent to adopt 
the same course with the parts in compression. The struts constitute (he weak pnrt of a roof truas^ 
and there is, moreover, this important difference between it and a lattice bridge — the failure of one 
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btfr In the fonner wonld be certain to serloiuily Jeopaidixe, and probably doBtioy, the seonrity of 
the othen. This contingency is a well-known and a well-founded objection againat the epiploy- 
ment of the Warren girder for any except limited spans, whereas the fracture of one of the ban 
in the web of a lattice girder would affect that bar only. 

tablb rv. 



PAKT8 or THS HaZ^ TbDBS. 



Weights at 


Aa 


BC. 


CD. 


DB. 


BF. 


AH. 


HJ. 


JK. 


KL. 


■ 


+0120 


+0 120 


+0-050 


+0-082 


+0-095 


-0-210 


-0-067 


-0-030 


-0-020 




+0 050 


+0050 


+0-032 


+0-095 


• • 


-0-067 


-0-030 


-0-020 


-0 073 


B •• ' 


+0-032 


+0032 


+0095 


• • 


•• 


-0-030 


-0-020 


-0-073 






+0-095 


+0-095 


• • 


• • 


• • 


-0-020 


-0-073 






i 


• * 


• ■ 


• • 


• • 


•• 


-0-073 








• 


+0-115 


+0-115 


+0-115 


+0 060 


+0-200 


-0-143 


-0-143 


-0-070 


-0037 


.. ,. 


+0-060 


+0-060 


+0 060 


+0-200 


•• 


-0-070 


-0-070 


-0-037 


-0-160 


+0-200 


+0-200 


+0-200 


•• 


•• 


-0-037 


-0-037 


-0-160 






• • 


• • 


• • 


•• 


• • 


-0-160 


-0-160 








+0-087 


+0-087 


+0-087 


+0-087 


+0-805 


-0-120 


-0-120 


-0-120 


-0-073 


D .. .. 


+0-305 


+0-305 


+0-305 


+0-305 


• • 


-0 075 


-0-073 


-0073 


-0-273 




• • 


■ ■ 


• ■ 


• • 


• • 


-0-275 


-0-273 


-0-273 




£i •« ■• ' 


+0-425 


+0-425 


+0-425 


+0*425 


+0-425 


-0-090 


-0-090 


-0-090 


-0-090 


•• 


• • 


• • 


• • 


• • 


-0-340 


-0-340 


-0-340 


-0-340 


Jb •• • • 


• • 


• • 


• • 


• • 


■ • 


-0-223 


-0-223 


-0-223 


-0-223 


Total .. 


+1-499 


+1-499 


+1-379 


+1-329 


+1-297 


-1-929 


-1-719 


-1-509 


-1-289 


Weights si 


LM. 


BH. 


CJ. 


DE. 


£L. 


Ha 


JD. 


KB. 


LF. 


B .. .. 


-0-073 


• • 


+0-087 


+0-050 


+0-048 


-0-150 


-0-070 


-0-048 


-0-037 


.. .. 


-0-160 


•• 


• • 


+0-120 


+0-075 


• • 


-0 170 


-0-100 


-0-075 


D .. .. 


-0-273 


•• 


• • 


• • 


+0*148 


• • 


• • 


-0-180 


-0-147 


B .. .. 


-0-340 


• • 


• • 


• • 


• • 


•• 


•• 


• • 


-0-187 


P .. .. 


-0-223 


















Total .. 


-1-069 


•• 


+0087 


+0-170 


+0-271 


-0*150 


-0-240 


-0-338 


-0-446 



Tablb Y. 



FisrU of the Hslf Tross. 



AB 

BO 

CD 

DE 

EP 

AH 

HJ 

JK 

KL 

LM 

BH 

CJ 

DK 

KL 

HO 

JD 

KE 

LP 



Dixcet strains. 



+0-630 
+0-465 
+0-367 
+0-300 
+0-245 






Tnmsinitted 
Strains. 



+ 0*200 
+0-185 
+0 182 
+0-185 






+1-499 
+1-499 
+1-379 
+1-329 
+1-297 
-1-929 
-1-719 
-1-509 
-1-289 
-1-069 

+0"087 
+0-170 
+0-271 
-0-150 
-0-240 
-0-338 
-0-446 



Total Sferaina 



+2-129 
+1-964 
+1-746 
+1-629 
+1-542 
-1-929 
-1-719 
-1-509 
-1-289 
-1-069 
+0-200 
+0-272 
+0-352 
+0-456 
-0-150 
-0-240 
-0-338 
-0-446 



BafterB. 



Tie-rod. 



Btruts. 



Ties or 
queen-rods. 



DouhU Trun^ u>Uh Indined Tie-roda,— The tie-rod of a roof has hitherto been r^nrded as 
occupying a horizontal position, from the extremity of one rafter to that of the other, and a trass of 
this description answers well enough for spans of limited dimensions, and also in instances where the 
engineer is not troubled about the question of headway. Prequently this is the very question he 
has to deal with. To increase the headway, the obvious plan is to ndse the tie-rod. But since the 
ftrenfi^th of any single truss or girder is directly as the depth> the raising of the tie-rod diminishes 
the depth, and therefore the strength of the tniss ; or. what amounts to the same, the strain upon 
the various members of the roof is increased. But this is of comparatively little consequence with 
other and more important considerations. There are certain given conditions which must be 
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fdlfllled. no matter what the strain may be, and the engineer has only to make the best of tliem 
under tne cironmstancee. Supposing therefore that it is necessary to employ a description of 
trass, with the tie-rod raised above the level of the extremities of the rafters, there are some points 
of difference existing between the two types which demand notice. A more correct distinction 
might be made, by calling one the single, and the other the double truss system, as a reference to 
Fig. 6696 will indicate. The whole roof represented in the diagram consists of two separate 
trusses A D 0, B D C, which are united at the apex G, and held together 
by the horizontal tie-rod D D. lu the diagram, the parts in compression ^^^• 

are shown by the thick, and those in tension by tne thin lines. The 
only point of identity that exists between the double and the single 
trussed roof, is in the king-rod OE, which has no strain whatever 
on it provided two conditions are fulfilled. These are that the por- 
tion of the tie-rod which is connected with it should be horizontal, ^ 
and not sufficiently long to be liable to sag from its own weight. It might be imagined that, as 
the horizontal tie-rod D O prevents the feet of the separate rafters from being thrust outwards, it 
virtually has a strain upon it equal to the horizontal thrust ; but such is not the case, and the error 
must 'be careftilly guarded against. If the tie-rod DD were directlv attached to the extremities 
of each individual rafter, it would then be in the position of that belonging to the single truss 
system, and the puU upon the portion of it next to the rafter would equal the horizontal thrust of 
the roof. But in the present instance the pull upou it, due to the thrust of the rafter, can only be 
transferred to it through the medium of the inclined tie A D, which consequently altera both the 
direction and amount of the original strain. The strains upon the trusses themselves are depen- 
dent both upon the pitch of Uio rafter and the angles FAD, FBD, of the inclined tie-nxls, 
supposing span and load to be the sama Both these are also dependent npon the absolute pitch 
of the roof, that is, the angle GAB. There is a particular value for this angle, which causes the 
strain upon the bar A D to be exactly double that on D G. The advantage of this in practice is 
obvious, as it simplifies the number of independent parts ; since, whatever may be the scantling of 
D 0, it is only necessary to use two bars instead of one to obtain the requisite quantity of material 
in A D. 

The reduction of the component parts of a stmcture to as few dissimilar pieces as possible, 
is a consideration the importance of which cannot be over-estimated. 

Before proceeding to analyze by diagram the nature and amount of the strains upon the double- 
trussed roof represented in Fig. 66%, a few of them may be ascertained by calculation, and will thus 
serve as a check upon the other method. 

Put 8 for the span, B for the rise or depth of truss from G to E, L for the length of the rafters, 
W for the total load in tons upon the whole principal, and B for the angle of the pitch of the roof. 

W 

The distribution of the load on the half truss in reference to Fig. 6696 will be -7- , at the point 

w w w 

F, and -^ at A and G. The total weight at the apex will be -7-, but -— is all that concerns the 
o 4 8 

strains upon one half of the truss. To find the strain first on the strut F D, put S for the strain, 

and it becomes S = — x cos. 0. If we take W = 2 tons, which makes the load on the half truss 

equal to unity, and 6 = 26 deg., we have 8 = 0*449 ton. To determine the strains upon the dif- 
ferent parts of the rafte^ make the angle F A D = 0' ; both these angles and O' can be readily cal- 
culated, as the one is a function of the rise and span of the roof, and the other of the length of the 
rafter and the length of the strut F D, which is known by construction. 

Altogether there are three strains brought upon the rafter A G, which affect the portion A F, 
and two which affect F G. Galling these Sj , S, , and 8, respectively, we have their respective values. 

flW, «aW ^ ^ ^ ,«W sine 90 + (8 ^ e^ 

8, = -j-x tang. 6; 8, = -j- x cos. « X cot. «' ; and 8, = — x ^LlflLJL^ li. 

* 4 8 sme u 

The part of the rafter F G is obviously not directly affected by the weight at F, which produces 
the strain 81 ; therefore the strain upon F G wiU be equal to 

ra L a X ^ . * i., . W sine f 90 + (« - O } 

(8« + 8.) = ^ X COS. a X cot. 6' + -5-x ' . -\ ^f 

4 o sme u 

and that upon "^ 

AP = (8. + B. + 8.)=? (tang. • + ««.• XcotO+?x5B^^;»-S''=^J. 

4 8 sme r 

The formula may be put in another form, for let (8x + 8, -|- 8,) = M, then 

W 

M = g^^^ ^ X {(2 8mee'tBiTig.e + cc».0oote^ + Bme\ 90 + ($-$')}, 

Substituting in this equation the correct values for the quantities we obtain 

M =^ — L— 5 X i (0-516 (0-487 + 8-349) + 0-981) } = 2 86 tons. 

4 X 0-iSOo 



The strain upon F can be obtained either from the formula gvyen above, or more simply by 
tracting from the last. Galling it N, we have N = (M-S»), = (*-86 - 243) =2-617 tons. 



sub- 
tons. A 
comparison should be made between these results and those obtnined for the strains upon the rafter, 
' when the tie-rod is horizontal^ in order to trace the manner in which the inclination of the ties affects 
them. The angle 6' becomes an element in the calculation, and assists in complicating it. We may 
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now BsoerUin the strains npon the inolined tie-rods, A D and D 0. There will be only one npon 
D G, due to the direct action of the weight at F which will produce equal strains upon A D aud 

D 0. These may each be oalouhited from the formula S^ = — : — -f— ss -_^ — _ = 0*87 ton. 

"* sme 2 9^ 2 sme 9f 

As this strain is transferred to the apex C, it is multiplied again on the rafter aud the tie AD, 

which also receives an additional strain from the weight directly superimposed at G. There- 

fore the total strain upon AD is equal to 28^ + 84, but 84 is equal to — x^;;;^, and may 



be easily shown to be equal to 8^ . For 84 = , ^^ = -7- X cos. B x 



8 sine 
C0S.6' 



Substituting 



8ine20' 4 sine20'' 

for the expression sine 2 6' its equivalent 2 sine 9 cos. O', the identity between the two equations is 
established, and the total strain upon A D becomes equal to 2*61 tons. But there is another strain 
upon D G due to a part of the strain upon A D. Let the portion of the strain upon A D eaual 84 , 
that affects D G and D £. Then the additional strain upon D G will be given by the formula 

"'"^•^sine(e + e')' . 

Thus making the total strain upon the tie D G equal to 1 '37 ton. It only remains now to find the 
strain upon D £^ which is found from the equation 

g^e2>-^ 0-50xidne3(F ^^.3^^ 

■ bme ((>— O **^® 11 

These calculations will be found to check sufficiently doselv with those arrived at bv tlie other 
methods, represented in Fig. 66SK7, to prove the aocuracv of the results for all practical purposes. 
The strain u}K>n D £ is the same as that of the horizontal thrust, modified by the action of the tie- 
rcxl AD, for D £ might be replaood by an abutment or buttress at the points A and B, without 
altering the conditions of equinbrium existing in the root 

Tablb YL 



Fwta of Tnias. 



AF 

FG 
FD 
AD 
DG 
Dl 



Weight at 



A. 











P. 



C. 



Total Strains. 



/+0-225\ 
\4-l-700/ 
+1-700 
+ 0-450 
-1-750 
-0-875 
-0-670 



+0-950 
+0-950 

-0*-'875 
-0-500 
-0-670 



+2-875 

+2-650 
+0-450 
-2-625 
-1-375 
-1-340 



Remarka. 



) 



Rafter. 

Strut 

Ties. 

Tie-rod. 



The diagram in Fig. 6697 shows the lines necessary to obtain the strains upon the different parts 
of the truss, and in Table YI. results are given so that they may be compared with those already 
obtained by calculation. In the diagram there are two methods demonstrated, one showing the 
actual transference of the separate strains, and the other total strains upon the different members 
of the truss. According to the distribution of load whic]^ is adopted, the total load upon the half 
principal being 1 ton, Uie load upon point F is 0*5 ton, and at A and G 0*25 ton respectively. 
The lines which indicate corresponding strains, are distinguished in the two methods as far as 
posmble by the same letters, with the addition of dotting those belonging to the outside diagram of 
straiuB. Any line parallel to any given bar is a measure of the strain, or a part of the btrain, upon 
it The difference between the two methods is that the one, or successive method, gives the 
separate strains brought by each weight upon the different parts of the truss, while the other 
method does not Tiike^ for instance, Uie strain upon the two parts of the rafter A F. F G. By the 
former method the strain upon A F is ascertained oy measuring the lines a 6, /G, and h G, and that 
upon F G by /G and h G. By the latter the strain upon A F is equal to A G + A F, but the strain 
upon F G is equal to A G + 6' F, the exact reason for which does not appear, as the manner in 
which the strains act is not investigated throughout It is not the result alone that must be con* 
sidered| but the means by which that result is obtained. 
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It is the preliminary steps which are the most important and the very points which reauire 
accurate elucidation. In Fig. 6698 the same truss is shown with the strains indicated by the unes 
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bearing the same letters as in Fig. 6697, and the diagram is drawn in aooordanoe with the method 
known as the polygon of forces. While the results are perfectly accurate, the method fails, like the 
other, to trace the action of the strains, and can therefore supply no information, except to those 
who have already mastered the whole subject. A comparison of these two diag^ras will point 
out that they agree not only in the total, but in the separnto stmins, much more closely thnn 
might bo imagined. For example, the total strain upon the tie-rod A D is equal in Fig. 6697 to 
cd -{'fC'\-hg = Bcd, 

On referring to Fig. 6698 it will be seen that these separate strains aro correepondingly repre- 
sented by the three Riiodi visions of the line A D. 

Similarly for the strains upon D 0, which are equal in Fig. 6697 to D cf -f E /, and in Fig. 6698 
the subdivisions of the line D C. An examination of the method of the polygon of forces will 
demonstrate that it is in every way superior to the reaction method, as may oe termed that shown 
by the dotted lines outside the truss in Fig. 6697. It is infinitely more elegant, and marks the sub- 
divisions of the strains better. It is, like the other methods, alwnys used in combination with the 
elevation of the truss, from which the direction of the iifferent bars has to be obtained. Table VI. 
shows the total and separate strains upon the various parts of the truss. The line«A G in Fig. 6698 
represents the total reaction at the abutment, and the polygon of forces can thus be readily applied 
to the actual diagram of the roof. Make Ac, in Fig. 6697, equal 0*75 ton, equal the reaction at 
A; dmw c n parallel to A D to meet the rafter ; from the point m, in the line A c, in which cm = 
the weight supported at A = ' 25 ton ; draw m G parallel to the rafter to meet n G, drawn parallel 
to the strut, and complete the diagram. 

The iunction of the various lines in this diagram will point out the manner in which each bar 
affects the other, although the relation is not so plainly exhibited as by working out the successive 
strains upon the actual truss itself. If the method of ascertaining the strains be worked out by two 
different diagrams, it will obviate the necessity for checking their accuracy by trigonometrical 
calculations, although it will be more satisfactory to check the totals by an altogether independent 
process, than to employ two, which, although varying in detail, depend upon one and the same 
principle. 

Double TVuM, with Tvdo Struts. — ^When the span of a roof exceeds the limit of about 35 or 40 fl., 
the simple design already illustrated requires to be somewhat modified. It has been before 
remarkea that the introduction of struts m a braced truss or framework is for the purpose of 
nullifying the transverse strain, that would otherwise bo induced upon the members of the truss. 
Referring to Fig. 6699, it is clear that when the length of the rafter reaches a certain limit, one strut 
in the centre, as was Bho¥m in Fig. 6697, would not be sufficient to prevent the two halves of the 
rafter into which it divided it from being affected by tronsverse strain. Consequently it becomes 
necessary to use a couple of struts, and divide the whole rafter into three parts. An excellent roof 
of the form shown in Fig. 6699 may be constructed for spans not exceeding 60 ft. When the 
(h'niensions are greater, a different and more complicated description of truss must be used, and for 
very large spans, the circular or segmental form is the best adapted. In tracing ti>o action of the 
strains in the diagram in Fig. 6699, the process will be very analogous to that already described for 
the example in Fig. 6697, making due allowance for the action of the two struts instead of a single 
one. The distribution of the load will vary, in every instance, according to ti.e niunber of points 
at which the rafter is supported, that is, in proportion to the number of struts introduced into the 
system of trussing. 
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DiaHnction bettoeen Struts and Ilea. — In order to determine whioh bars are stmts and which aie 
ties in any form of truss, when the strain acts upon them in a |^iven direction, let A and B, in 
Fig. 6700, be two bars meeting at an apex. If the strain act m the direction of the arrow E, 
they will both bo struts, and if in that of arrow F, they will both be tied. Should the force 
be in the direction of tne arrow G, the bar A will be a stnit, and B a tie, but if in the direction of 
H, the bar A will be a tie, and B a'Mrut. The rule may be laid down in words as follows: — 
If the force or strain acts in any direction within the angle formed by the two bard, they are both 
struts ; but if it acts in the direction of, and within, the angle formod by their prolongation, they 
are both ties. Agiiin, if the strain acts within the angle formed hy the original direction of one 
of the bars, and of the prolongation of the other, then the bar whose prolongation forms one of the 
sides of the angle is a tie, and the other a strut. To apply this to the truss in the diagram, let the 
bars in Fig. 6701 be represented by the same letters as in Fig. 6699, and their prolongations 
indicated by the dotted lines and corresponding dotted letters. First, let us ascertain how the bars 
A E and D E are affected bv the strain upon tho strut B E Produce B E to B'. The line E B' 
represents the direction of the force whicn lies within the angle A' E IV, that is, the angle formed 
by the prolongation of the bars A E and D E. Both these bnrs are therefore ties. If we now 
take tho bars D E and E F, the direction of the strain lies within the angle F' E IV. that is, within 
the anglo formed by the direction of one of the bars, and the prolongation of the other, so that 
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D E 10 in tension and £ F in oompiesBion. But as E F is not intended to act as a stnit, it under^ 
goes no strain from tbo direct weight at B, as Table YI. will show. 
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Extxmplei ef Socf Ihusea. — 
In Figs. 6702 to 6711 are re- 
presented the elevation and de- 
tails of the City Terminus roof 
of the Bonth-I^istem Bailway, 
at Cannon Street, London. The 
span in the clear is 187 ft., the 
depth of the truss at the centre 

is abont one-sixth of the span. The truss is of the form 
shown in Fig. 6693, yery similar to the one erected at the 
other terminus of the same railway at Gbarine Groes. The 
rib, which has a totol depth of 1 ft. 10 in., shown in Figs. 
6703, 6704, and 6706, is of the plate type, and consists of 
an upper and lower flange, composed of one plate and a 
pair of angle irons each, together with a web f in. in thick- 
ness. A section of the purlin is shown in Fig. 6707, and the 
manner in which it is connected with the main rib in Fig. 
6706. Figs. 6703 to 6705 show the coupling of the struts and 
ties forming the bracing to the rib and to the tie-rod. Fig. 
6712 is a section of the strut, which is in two pieces bolted 
together, but kept apart by a cast-iron distance piece as in 
Fig. 6704. The details of the connection of the purlins and 
of the slating and glazing are represented in Figs. 6708, 
6709. The top of the lonyre standards and sash-bars, which 
are of T iron, are shown in Fig. 6710. Fig. 6711 represents 
the purlin and its attachment to the louvre rail. The out- 
side radius of the main rib is 108 fiS} in. Figs. 6713 to 6728 
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show another example of a tmss well adapted for raOway station loofs, which is erected overthe Broad 
Stroot station of the North London Railway. The section of the rib, Fig. 6714, is rather peculiar 
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fool of the priocipftl nod the tio-rod, Wronght-iron nheeka are bolted on to the ends of the principal 
nSteta, Fiff- 6716, in whioh figure PD are wrought-iron dowels. The junction of tlio rods with the 
principal is made lu in Firb. 6718 to 6720. A longitudinal eleTdtion of one bnj of the roof ia 

E' en In Fig. 6725, and Fin. 6721, 6722, sbow the elevation and section of the mought-iion 
tico sirdei used as the pniUns. Fig. 6726 gives the details of the guitar ; Figs. 6727, 6728, those 
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of the cnnred lattice girder, ehown in Fig. 6725. The roof in carried on oost-ixon oolamnB, Fig. 
€724, and has a very light and elegant appearance. 

Wind PrfsstfTff.— -One diagram will suffice to show the ^neral method of ascertaining the 
presBore of the wind, and the example selected is a truss of the form in Fig. 6697. 

With a nominal pressure on one rafter of 20 lbs. a square foot, the totnl load will be 5*8 tons, 
or 2*65 tons on each bay, giving for the loads at the joints of the rafter, considered as continuous, 
at 1, 1*0 ton, at 2, 3*3 tons; at 4, 1*0 ton. Besolving these parallel forces at 1 and 7, the reaction 
at 1 is 3*6 tons, and at 7 is 1 *7 ton. In Fig. 6729 these quantities have been set o£f on the line of 
loads, and the diagram of stress has been dra\Yn. 

Books en the subject ;—^Boiidelei (J.), 'L'Art de Batir,' 6 yols. 4to, Paris, 1805-51. Fairbaim 
(Sir W.), ' Useful Information for Engineers,* Third Series, crown 8vo, 1866. Unwin (W. G.>, 
'Iron Bridges and Boo&,' 8yo, 1869. Tredgold's ' Carpentry,' by Hurst, crown 8vo, 1871. De 
YolBon Wood ' On the Besistance of Materials,' New Toric, 1871. 6toney (B. B.), * The Theory of 
Strains,' royal 8to, 1873. Matheson (£.\ ' Works in Iron : Bridge and Boof Structures,' royal 8yo^ 
1873. Gargill (T.), * Strains upon Bridge Girders and Boof Trusses,' 8yo, 1873. Bow (R. H.), 
* Eioonomics of Construction in Belation to Framed Structures,' 8vo, 1873. See also various papers 
in the ' Minutes of the Proceedings of the Institution of Civil Engineers,' and the * Transactions of 
the Society of Engineers.' 

BOPE-MAKING MACHINE. Gjsb., Mdickme zur VerferHgimg der SeUe; Ital., MaoGhina da 
eorde ; Span., Maquinana para hacer cmerdas. 

Bopes are mainly constructed either of the fibres of the hemp plant, or of iron wire. Other vege- 
table substances and other metal wires are also used; but in the present article only the two 
important manu&ctures of hemp rope and iron-wire rope are referrec! to ; and as the treatment of 
the hemp fibres and the manufacture of them into rope is quite difierent from tlie formation of irou- 
wire rope, the subject naturally divides itself into two branches. 

ffemp Rope, — Of the other substances besides hemp which have been found useful ond profitable 
Ibr rope making, the most important are — manilla, the fibres of which are obtained from the bark 
of a wild species of banana grown in the Philippine Islands, manufactured into a rope commonly 
known as white rope ; jute, grown in Bengal, the fibres of which are used for adulterating hemp ; 
coooanut fibre, for inferior ropes; Indian hemp, or snnn ; and Spanish grass, or esparto. Of these, 
manilla Is tiie most common substitute for hemp. The machinery employed for manufacturing any 
one of these several fibres into rope is similar, with slight modifications, to that employed for 
hemp. 

- The hemp plant from which the fibre is derived is treated by retting and scutching, in a similar 
manner to fiax, and the hemp thus prepared is packed in bales, each bale of Italian hemp, jute, or 
manilla, weighing about 2^ cwt 

Chas. P. B. Shelley, in a paper read before the Inst. M. E., 1862, and from wliich the informa- 
tion in this article is largely derived, states that in order to form the strongest rope out of a 
given quantity of material, whether hemp fibres or metallic wire, the fibres should bo laid parallel 
alongside one another and secured at the ends, so that they may take any tenbile strain put upiin 
them iu the direction of tlieir length ; the strength of such a rope will be equal to the strength of 
each fibre multiplied by the number of fibres in the section. Hemp fibres rarely exceed 4 ft. in 
length, so tliat the above method ot making a rope exceeding 4 ft. in length will not apply to that 
material. In order therefore that the fibres may be securely and continuously connected together, 
they must be placed parallel to one another with the end of one fibre overlapping the end of its 
neighbour; and to prevent the fibres slipping from one another, friction is produced amongst them 
by twisting ; but as the strength of the fibres is dimini^ed when they are twisted out of the direc- 
tion of the tensile strain which they are to sustain, no more twist should be given than is necessary 
to impart sufficient friction to prevent them from slipping and parting endways. It must be 
remembered that fibres of hemp, like metallic wires, have not the property of relting or uniting 
into one length by a kind of entanglement or matting together, in the manner common to the fibres 
of wool nnd other materials used in spinning. If a bundle of parallel fibres is twisted, those on the 
outer surface will be stretched and strained considerably more than those near the centre ; and 
the farther they are from the centre the more they will l)e stmincd. Hence in constructing cordage 
it is necessary to form or build it up gradually from small bundles. 

When the fibres are laid parallel and in continuous juxtaposition, they are said to form a sliver ; 
and the sliver when twisted is said to be converted into a thread or yarn ; and a number of yams 
laid parallel and in juxtaposition, bound round by an external serving of yam to hold them 
together, forms selvagee, which is the simplest construe lion of rope. If each of the yams in the 
selvagce bore its fair share of strain, this would be the strongest kind of rope; but the objection to 
its more frequent use is that the outside serving of yam frets away, and allows water to enter :<nd 
rot the yams inside. In order to overcome the obiections to selvagee, ropes are miulo of strands, 
each strund consisting of a number of yarns twisted together, the strunds being again i\\ itited into 
the rope ; the class of rope depends upon the number of strands and their arrangement. '1 ht yurn 
is twisted iu the proce.-<8 of manufiEtcture by a motion to the left from the right, or routrnry tii n.e 
motion of the hands of a watch« producing what is termed in rope-making a left-hand&l twist, 
being a spiral corresponding to the thread of a right-handed screw. The twist of each strand is in 
the opposite direction to that of the yams composing it ; and the twist of the rope itself is again 
in the opposite direction to that of the strands, or in the same direction as (hat of the vams. 

Bopes are commonly divided into three classes, known as hawser-laid, shroud-laid, and cable- 
laid ropes. Hawser-laid ropes are composed of tliree strands twisted together ; the number of vams 
for each strand in difTerent sizes of hawser-laid ropes is dependent on the diameter or number of 
thread of the yam. Shroud-laid ropes are composed of four strands. Cable-laid ropes are com- 
posed of three hawser-laid ropes twisted together. Cablets are small cable-laid ropes measuring 
from 1 to 10 in. in girth ; larger sizes are termed cables. Shroud and hawser laid ropes seldom 
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exceed 10 in. in girth. A core or heart is used in shroud-laid ropes; it is made of rope, and is 
placed in the centre of the strands, running from end to end of the rope with the strands laid round 
it. In old worn-out ropes the core is always found to be broken in consequence of the stretcliing of 
the strands ; for the Htrands being twisted spirally, and the core straight, the strands will give 
more under a load than the core, which cannot therefore be relied upon for adding strength to the 
rope ; but it assists materially in keeping the strands in position during the manufacture of the 
rope by hand. Flat hempen ropes are made of four or six ropes, each composed of three strands, 
and laid alternately to the right and to the left; these are stretched side by side and sewn through 
in a zip:zag direction. 

Before the hemp is spun into yam it has to be freed from dust and hard knots, and the fibres 
combed, so that they may be separate and parallel to one anotlier. This process is called heckling, 
and is done either by machinery or by manual labour; the machinery for the purpose is sindlar to 
that used in the preparation of flux. 

The next process which the fibres undergo is that of spinning into yams. Hand-spinning is 
done on a long strip of ground called the rope-walk, which is generally covered by a low roof; 
sometimes the shed has an upper floor with a low roof, and then the spinning is done on the upper 
floor, and the other parts of the manufacture on the ground. The length of the walk and shed is 
about 1230 ft., or a little over 200 fathoms, and tlie width about 30 ft. The tie-beams of the roof 
are placed every 80 ft. or 5 fathoms apart, and carry a row of hooks on the under side. 

The hand-spinning machine. Figs. 6730, 6731, is formed of two cast-iron frames with a band- 
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wheel A between them, driven either by a man at tlie winoh-handle 

at the back, or by steam power. A band passing round the wheel 

passes over twelve wood rollers or whirls B, l| in. diameter, as 

shown enlarged in Fig. 6732, fixed on steel spindles about | in. 

diameter, which revolve in notches or bearings in the brass discs G 

screwed in the frames of the machine ; the spindles are kept in tlicir 

bt-arings by a ribbon of wrought iron screwed upon the outside of the 

frame. On the back end of the spindle is a shoulder, and between 

this and the brass disc is a loose collar to take the pull of the yams 

in spinning ; the spindle is kept in by a finger D fixed on the b&ck 

of the frame. The front end of the spindle is drawn out into a 

hook E. The notches in the brasses G, shown enlarged in Fig. 6733, 

are for the purpose of forming fresh bearings for the spindles ; there 

are eight notches in each brass, and when one notch is* worn down 

the brass is turned to bring another notch round ; when the whole 

of the notches are worn down a new brass is put in. The twelve hooks and whirls are set upon the 

semicircular upper part of the machine, and are made to revolve by the band which passes over 

them from the driving wheel A. 

Each spinner before beginning to spin takes up a bundle of hemp sufficient in quantity to spin 
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m from 0x0 bight ar ^ut of the bundtt) round Iiis w 

e yam or tbread about to be itpuD, thua forming a Blivcr, 



one (brciid of yam of the required length ; he places the bight or middle of the length of the fibrea 
in fhmt of him, and tnma the emla round hia vaiat, cruising tboin beliind. If the shorts are to be 
worked iutu the yatn the; are tuekcd belo« the bight. Bach spinner carries in his right b&ai a 
■ " ~"' ' ' B Bpinners to eiicb macliitm, otiu to each liouk. The spinner 

"■ ■ it qunntity of fibres for the 
ho twists with his flngcra, 
and honks the bight of the sliver on to one of tlie revolving lioobs of the muchine. He then nallia 
baokwarda tuwarda the bottom of the rope-walk, drawing the hctiip from his waist and forming a 
aliTet with hia left hand, pulling some of the flhree back if they cfimo forward too quickly, and 
drawing lome forward if there are uol enough lo ke«|> up the iEi|iiir(Kl eizt- of yani. The sliver 
pasBce through hia right band, with which by meana of the piece of list ho firmly grips it, so as to 
Kirm the yam. The spinner Uiub prepares llie sliver nnd furins the yam, while the iDBiliiiie givoa 
it the twiat. Care most be taken not to ploce tlie enda of one aot of fibrca too near to tlio eiSs (J 
tlie next set, not giving them auUGcient lap, otherwise the yarn wiU pnrt by the fibtea elipj'ing end- 
ways from one another ; and also to keep the fibrea even and regular in Ihii^kness, in order timt the 
yam may be of equal strength throughout, Tlie ppinner's pace in wi. Iking backwards must be 
uniform and in aooordance witti the speed of the revolving nliirU, The speed of the whirls and 
the amount of twist of the ynm ia dependent upon the quality of the rope lo be manufactured. 

The twelve apinners are divvdid into three sets of four each ; four risers, four middlemen, nnd 
four teadera. The four risers work &^m the four hooka on ihe left siiie of the machine, the four 
middhmen from the tour middle hooka, and the four leaders from the four houks on the right of 
the machine. All the twelve spinuera start nt once from the mncliiiie in the morning. The fonr 
risers spin down the walk a yam one-third of 160 fathoma long end then slop, while the middlemen 
and leaders continue to spin past thf m. The four yams of mo risers are now unhooked from the 
wliirla by a man at the tup of the walk, and are passed each through a hole F in the frame of the 
spinning machine, Fig, 6730, to a real at the back, upon which Ihey are wound; Ibo men at the 
bottom end of the yam still liold on so as toprevent the yams from untwisting, end follow it up lo 
the machine aa it ia wound on to the reeL They then twist the ends of these yams on to one of the 
holding pina O on the croas-bar of the machine frame, and start apinning again with four f^h 
ynma, which they will this time spin down to the whole length of 160 fathoma before stopping. 
The Siur middloinon spin down the walk a yam two-thirds of 160 fathoma long and then stop, 
while the lf«dcrs atiil go on and paas them. T'heir four ynms are tuketi off Ihu hooka of the machine 
and spliced on to the ends of the fonr yams whmh wore left on tLe holding pin by the riacrs ; the 
yarns of the four middlemen are then wound on to the reel, the men following them up the walk 
and fastening the enda on to one of the holding pins; the middlemen then sLirt fresh yaroB 
of 160 fathoms length and spin down the walk. The four leaders spin down the walk a van 
IfiO fathoms long, and then they also stop, and their four yarns are taken off the hooks and spliced 
OD to the ends of the four yarns left on the holding pin by the middkmeD ; the yama of the leixdurs 
ue then wound up on the reel, followed up by the men. 

As the spinner proceeds down the walk he tosses the yam with hia left hand on to one of the 
hooks in the raflera in order to support it; and in coming back be jerks it off again. The dia- 
tonces of one-third, two-thirda, and 160 fathoms are clialked on the side of Ihe abed, and as the 
spinnen of each set rome to the distance they shake their yams, and thua signal to the m 
the K ■ ■ ■ ■' 



le machbie for Ihe yams to be nnhooked and reeled up. 
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four eeparnte bobbma A, A, and aiao TeTersefl the lay ot the jam end for rod, bo that the flbrea 
toBj lie in the proper direction for pawing through the next prooese. Fig. 6734 ia a ftont elevft- 
lioa of hnlf thu length of the machine, showing two of the four winding tmbbioi A, A; Mid 
Fig. 6735 an ind elevation. The bobbiiu aie dnven from tlie ilnim B, wiiich eitenda the whola 
length of tlie macliino, b; means of '^''f passing round the four rigors 0, 0, filed on the vertical 
sptndtea that carry the bobbins A. The full leel containing the foui yams from the Riinnlog 
machine ia mounted on a tempoiarj frame behind the winding mochioe, and Ihe ends of uie four 
s are led to the bobbina over a sliding bar D, which lias a vertical reciprocating motion' 
I to it by tlie com £ and levers F, for the porpuae of filling the bobbins regularly and eqn^T 
end to end. Other forms of winding maohinea are uned, but the principle of conatmotion b 

ame iu alt. Wheu the tour bobbiue are filled they are replaced by empty onea, until the whole 

of the reel from the flpinning machiiie ia wound off upon bobbins. The four full bobbini are then 
token away and placed vertically in a large wooden frame called the bobbin-fnune, which bolda 
' D ISO to 200 Lobkioa. Each.lx>bbin contains about 14 lbs, of yam. 

The next process is that of twisting a number of ynms together into a itrand, whloh is termed 
aing, and is effected in the forming machine and in the shid covering the rope-walk. Having 
•Bcertained ll;e number or siie of tlie thread Uiat ia of sufficient thickneaa to (orru the required 
strand, the number of yams corresponding to that size of thread is selecttd ; and the cuds of the 
na of this size are drawn from the hobbins and brought in d convergtoK direction to a square 
1 plate, called the register plate, perforated with a number of round holes. Each jam ia 
le to pnas throng"- '- ■--' "- '-" '-'' — ' "■ " "- ' ' 

mouthed taper hole through il 
-~' a selected by a " 

the tube at the large trumpet-mouthed end, and are forced through, fitting tightly into the tube ; 
*bej are thus squeezed together previoualj to being attached to the forming machine. 

The forming machine for Iwistiug the hemp yania into strands. Fig. 6736, ia ntonnted o 



wheels, and made to travel alone the length of Ihe rope-walk bj the endless rope A, called the 
flj-rope, which pasaea round pulleys at the top and bottom of the walk and acta aa a dnving 
rope, being driven by an engine. This flj-rope takes a tnrn round the whelp-wheel B, whiefi 
gives motion by gearing to the drum and the twisting hooka or nibs D for foming tlie 
etranda. A fixed rope E, called the ground-rope, made fast at the ends of the walli, is ooiled 
round the drum C, so that by the revdntion of the dram the machine is made to travel along the 
walk. During the travel of the machine the yams hooked upon each nib are drawn out and 
^sted together into a atrand ; ench nib taking the number of jams required to form the strand. 
Themeed of revolution ot the hooka is regulated according to the kind of rope into which (he 
•™iMs are to be made; oad the great object is to adjost (he rale of travel of the macfaine in 
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After leaving the forming machino the atrands a 

6738, one at the upper end of the walk e ^ . 

d of being Iwisled together as the yam» are in the previuun proceas, the atranda a 
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— , - -o , 4, and the three Btmnda to form the ropo are attached 

to the hooka D, whioh ue nude to revolve in a eimilnr manner to thoae In the proviouB forming 
maeliine, by the fly-rope passing round the wheel B. Tho lower end laying machiae, Fig. 8738, & 
loft free to travel part way np the walk rb the length of the atrandflbnTimt shortened by thefr 
being laid into a spiral in the rope. The wheel B hero drivea the two foreloclu A, A. lo one 
or other ot which the itmndH are made fast, nocording as the twist of the rope is to be right- 
banded or lert-handod. The three Btrands for the rope are stretched tight along the length of the 
walk from the hooks J) of thn laying machine at the upper end to the forelock A of the lower 
laying machine, and are snpportrd off the gronnd and kept sepomted by means of pails, called 
mason posts, plaocd at erery S fathoms length, withaegs to carry the strands. A taper pieoe of 
wood with three grooTcs. called the laying top, shown enlargM in Figs. 6739, 67*0, is then 
insrrted between the strands close to the lower machine, with its stnaller end towards the fore- 
lock A, one of the strands lying in ennh of the grooves. A trunHyerso hole is made throngh the 
laying top, thtougli whioh is passcd-the top stick or handle that the top is held by. The laying 
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tops are made of various liKes, acoordiug to tbe size of tope required ; ftO' » rope of 3 in. girtli 
the top U 12 in. loan, 10 io. diameter at tbe larget end, and S in. at the soialler. When the rope 
ia more than 3} iii. iu girlh, a top curt is used for supporting tbe top. 

The laying machines being now put in matiou, tbe revolution ol the .^^ 

forelock A, Fig. GT.iS, gives the twist or bard of the rope, while the laying 
top ia Srmly held by the handle from turning. The hoaks D, Fig, 6737, 
at the other ends of the strands are made to revolve iu the oppasito dtroo- 
tion to the forelock A, which is Iwialing the rope, so tljat thj twist put 
iuto each of the individusJ strands at the point where they are united into ^ 
the rope immuliutely bebind tbe laying top is taken out agnin b; the 
hooks at tbo upper end. The laying top is gradually pressed for wotds by 
tbe closing of the strands upon one another behind it ; its motion requires 
to be very regular, ami it is prevented from moTing forwards too GiBt 1^ ft 
tail or pioMi of rope attached to tha top h&nille, which is toiled round the 
rope already twiuted, and thus acts as a dnig to the too. The two laying ' 
miicbilles must be driven at ezoclty the proper speed relatively to each 
other, BO that tho twist put into tbe sepckrate atrands at the laying top may 
be exactly neutralized by the revolution of the hooks ; otherwise if tbe 
books revolve too bIow. tbey will partially untwist the individual stranda, 
eince the twist of tbe yaroa in eaoh strand is in the contrary direction to 
that of the Hlrands in tba rope ; or if too fast, tbe strands will become 
twisted tigblcr. In order that tlie man holding the laying top may find «)u. 

out how the machines are working, whether too fast or too slow relatively 

to Moh other, he makos a mark on one of the strands oloae to one of the supporting posts ; if the 
strands arc being twisted too fast by the hooks of tbe upper laying machine, the mark on tbu straud 
advances towards the upper ond of tbe walk, from the yarns tliemaelvea beooming twisted tighter 
together in each strand, and the lengtb of tbe strand is shortened ; bnt if too slow, tho mark recedes 
towards the lowor end, from the partial untwisting and oonseqnent lengthening of tbe individual 
strands. In laying tba strands care ia required with regard to the angle that the atranda take. 
Should the tension on the strands become unequal, the required additional twiet is given to tbose 
wbiob bave got slack by throwing out of gear tboaa hooks of tbe upper laving mai'hine to whioh 
tbe tighter strands are attaclied. and allowing the others to continue revolving uotil all tbe strands 
have l^in become equally strained. As the formation of the rope proc»adB, the lower laying 
Duiohine is gradually drawn up the walk by the shortening of the strands as they are laid together 
into tho rope ; and press weigbta ore placed on the frame of the machine to retard its motion and 
hold tbo rope tigbt auough during the laying. Formed strunds of ISO lathoms length will make 
120 fathoms of hawser-hud rope ; the length of the strands will be determined by tbe length of 
lope required. 

ARot the rope is taken off the limng machiuea, it is coiled on to a drum driven by ateam 
power, being guided from end to end of the drum by tlie workman, wbodo bands are protected by a 
piece of old cordage twisted on the rope that ia being coiled ; this gives a polish nod finish to the 
aurfaoe of tbe rope. 

Tbe previous description baa referred onl^ to ropes manufactured by band. In the application 
of maohinery to this manufacture, Cartwnght appears to have invented the first rope-making 
machine, which is tho basis of others since oonstruclcd, his Cordelier baving been brought oat iu 
17^ Fig. CTll ahowB tlie ooidelier, which revolves on the horizontal shaft A, the laying top B 



serving as tho bearing at one end of tbe shaft, baving holes through it for tbe strands to pass 
tlmju);h. In the discs U, C, fixed on tbo shnft A are contred the throe horizontal spool-frames D, 
cnrryiuu tbe spools E, which contain the three strands to be laid togtther. As the cordeLer 
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TevolTC«,UieBxeiof tha spools we preaerred conBUntly parallel to(heiiiaelveab;the«pool-framMD 
beiDg ouMle to Totate od their beviDga once for every revolution of the machine, by iae«ii8 of the 
piDknia F on the qKxil-&«me bearings, and the counter-wheeU O geftrinK into tlw oentnd dead- 
wheel H, which is of the eauie diameter aa the pioioiut V, and ia held stnlumar; while the shaft A 

_Ji^>aUnff JCidUw Ar ^timing hanp £la»- tett limt 



_ . . ^ _ . . _ ing roUtra I, which reoaiTe motion 
by a wonn-wbeel J on the aiia of one of them geving 
into the worm K within which the spool-frame revolTca. 
The drawing rollers L, L, draw the Snished rope forwards 
aa &at aa it ia madc^ and hold it from turning. Tliia 
machinery waa a few years aflerwarde improTcd by 
Hnddart. 

Uuddarfa spinningmschine for converting sliver into 
jam ia shown in Figs. Sli'i, G743. The sliver, previously 
formed br another maehine, is ciintained in the twdto 
rans B, which aredriven rather fnster than the tpinning 
tabe« A, in order to give a slight preparatory twiat to 
the tliver. The spinning tube A, shown onlargcd in 
Fig*. S744, &74S. has a apring clip at the top, which 
grips the thread apun from the hUvgt and twists it with 
great rapidity, thus efTeoting the spinning. The threa I 
to formed i» then snbjecled to a oonsiderablo amonnt of 
tension by being drawn thiongh the compresalDg jaws D, 
FiKs. 6744, 6748, and loand the stretching pulleya B, F, 
and O, Fig. G743, the last of which Is a double pulley 
with two grooves. The thread passes first over tho 
pollt-'y E, then under one of the grooves in the pulley G. 
over the pulley F, and again over the second groove of 
the pulley O, whence it passes away to a vrimling drum 
at tiiC berk of the machine. The main driving shaft of 
the mncbine is driven from the engice by a belt over tho 
fa:^t-(ind-looae pulleys H, There are three horizonlaJ 
windiog drums behind the mnchine, upon which the 
yams are wound, each drum taking the yams from four 
of the spinning tubes ; the yurns arc delivered upon the 
drums through boles in a Iniisiludiiuil Iraveraing bar, 
which is moved cnrlways bscknonla and forwanlii by a rack and pinii 
from end to end of tho druniie alhrnutcly. 
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If ths ropea are to bs tarred, the tar is applied to the yarna on learing the epiDDluR maoliiiM. 
For this purpose they are first wound off Qom the drum behind the spinning niBchiiie upon k 
winder ruled a, whimwam, muds of e, light open fronie of iron bdiI wnod lorulring on a horiiniital 
ebaft. The looee ends of the four juns on the drum are attached tu a hook at the right end of 
the winder, «hioh i» then tumtd by a winch-handle to wind the yama on, the yarns being 
guided on from end to end by a traversing plate wilii four holeu in it wliich recevvea the required 
traverse motion from the shaft of the winder. On reaching the left end of tlie winder the yams 
are doubted round ttiehnnk at that end, and the winch ia Uien turned in the oppcisite direction, 
winding the yarna on till they reach the right end, when, they nro similarly doubled round the 
hook at tliat end, and the winding ia tlien again reversed. When a suflScient quantity of yam 
has been put on the winder, the honk at one end is taken out and the yam ia uncoiled from tlis 
winder, tliua foriniiig a long skein callo.1 a haul, which is th.'n coiled upon a small oiroolar 
turn-table, about * ft. diameter, mounted on wheels. The haul of yams is then taken to the 
tarrinc shed, and uncoiled from the turn-table into a cnldron of tar heiitcd by ftre or sleam ; one 
end of the haul ia lifted from the tar, and by means of a capstan is drawn through a eliiliiig 
nipper or sijueezor for the purpose of squeezing out the superfluous tar from tlie ) arnH. Afler the 
bam has lain for some time, the longer the better, tlie four yams are soporated and wound on to 
four tKjbbins by the winding maoiiine previouslv descriheil ; and are then p:iHed to the bobbin- 
frame reailr for being twisted into strnnds. Hndiliirt did not make the yams into a haul previous 
to tarring, but passed tliem from bobbins direct from the spinning machine through the tar, and 
thenc* through nippers to the register plate of his registering machine. The length of a liaul is 
GS fathoms ; it contains alrant 144 threads, and bikes about 20 minutes to pass through the sqaeoiet 
from the tat caldron, that is about 16 ft. in a minnte. The tar used should bo Iho heat Atchaugel 
tar, of a good brijtlit colour, and heated to a temperature of 212^ Fahr. The uauai proportion of 
(ar remaining in the yarns ia from one«Jusrter to one-fifth of the weight of the untatred yanw. The 
yams when tarred ought to he of a bright brown colour. 

The legistenng maehiue, ahowu in plan in Fig. 6717, is for the purpose of twisting the yanu 

(Er AvuCPif hanp yamj vao a, strand/, an£ wimiiiui (A» jotiTut on/ a, Dmntt 



Into a strand and winding .the strand upon a dmm as fast aa it is fi>rmed. The whole machine 
revolves with rapidity on the hnrizontal bearings A, B, t>eing connected with the driving power by 
a sliding friotion-clutoh at B. The strand enters through the hollow bearing A, which grips it 
tight and thus twists tbe yams into the strand by its revolution. The strand is drawn in by Uie pair 
of dianing pulleys C, taking lialf a turn round each, and is delivered upon the winding; drum D 
by tbe guiding frame E, which is made to move from end to end of the dmm by metuisof a atud on 
the frame working in a spiral groove out in the barrel F. The drawing pulleys C, winding drum 
D, and grooved barrel F ore alt driven from the spur-wheel O gearing into a stationary pinion fixed 
to the plummer-hlock in which the l)eartng A revolves. Aa each suocesaive coil of strand wound 
on the drumD increases ita dinmetcr. an increased tension would ba thrown on the strand, a friclion- 
elutoh is therefore inserted at H in the intennediiite shaft which oommunicatas the driving motion 
from the drawing pulleys C to tiie winding drum D, in order to prevent tbe drum from overwinding 
the pnlleya, the friction being a<ljuBteil to the exact limit of tension desired in the strand. The 
guioiiig frame E, which delivers the strand from end to end of the winding drum, vibrates on a 
centre at I, and its rate of travel is varied for different sizes of strand by changing the worm-wheel 
J on the spindle of the grooved barrel F ; tue universal joint K allows of the driving worm being 
set at different inclinations for gearing into a larger or smaller worm-wheel J- 

The stnuid made by the registering machine is wound off the drum D on lo a loose reel, bo that 
when transferred to the drum of the spool-frame in the laying mocliine it may lie tbe same way 
end fur end as on the drum D, in which state it is ready for tjeing Uid into a rope. The length of 
the strand is measured by passing it over a pulley of definite diameter, to which ia attaclied a 
counter with a dial, indicating the number of fathoms of Htraud thet have passed over the pulley. 

Fig. 6748 is a general elevation ; Fig. 6749 a plan at the top : and Pig. 6750 a sectional plan 
tluough the Bpool-Ramea ; Fig. 6751 ia a side elevation of raie of the spool-frames to a larger (calo 
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are oentred kt top ud bottom in the main fnme C of (he mMhiite. The «ntire machine levolvei 
KuDd the fixed oentce abaft, and is driTsn b; the small bevel-piDhm D gesiing tatto the wheel B 

at the bottom of the main fiame C. The spool-fiamea B aie made to rotate on their axe« during 
the reTolution of the machioe by means of the pinions F on the Bpool-fnmee and the oonnter- 
wljeela U gearing into the dead-wheel H, wliich remailu iitatiunar?, being fixed on the centre ehaft 
of the mai'hine. If the pinions F wore of eiiiotl; the same diameter aa the deod-wlitel H, the 
■pool-fiBmes nonld make exactly one rotution on their aiea for each revolution of the machine, and 
the apoolB would bo preBorred conetantl; parallel to theniBulvca while the machine revolved, so that 
the Btrands would be laid into the rope witliout an; additional twiat in the indiTidual atmuda. 
Bat in order to ensure the jama in eiLoh strand being thoroughlv closed upon one another, a sliKbt 
additional twist or forehard is givea to each strand in the act of iBTing it into the rope, b; makiiig 
tho ipool-framea perform rather more than one rotation on their aiea for caoh rerolntlon of the 
machine, since the twist of the jams in each strand is in the oontrarT dueotion to the twist of the 
_. — ._ i_ .1 ijijjg pinioaj pon the spool-frames are thereloie made of smaller diameter 
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whseta and pinions K similar to those at the bottom. The stnnd is preaied tight into tlie grooTe 
of the arporstrttohing pulley I b; the small tightening pullcj L, Figa. 6751, Ii752. The spool A 
Is retarded from uuKinding too fast by a friction -brake, whiDh u adjosted to bdj degree « tight- 



ness mqnirad. The strand* pass up through the hollow bearings at the top of the sponl-ftamea B 
ani thnmgh the pinirau K, and are curved DTer the oblique guiding rollers Bt. whirh are fliH at 
vatjing inolinalloOB in order to prevent the slnvnils Onm slipping olT. The three strands then 
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unitfl at the centre, and ara laid Ingether into the rope by the rsTolntion of the machine, 'eadi 
■trBiid beins bid into the rope with the Teqaired amount oi forebftrd b; the aimnllBiieaiu ratotioa 



oribownspoolfrnmeln the contrary direction to the taaohine. The newlT-mftda lopeie carried 
npwarrti to another machine, where it is Btrctohed over and under three pulleys driven by ateam 
power ; and as it pnefm from the last pulley it is oompreaged by a roller kept against the rope by a 
atroDfi; steel BprinB:- It is afterwuds finally coiled away in a warehouee. 

Win Eopet, — Wire ropca were need na early aa 1822 for the anpponinj; cftblee of a Bnepenglon 
bridge at OcnoTft,'and also for the Freibnrg Suspenaion Bridge of 607 R. clear span, erected In 1R35. 
The wire ropes ui the latter caae, Pig. 6753, are oonatnioted of twenty bondlea or atranda of straight 
Iron wire 0'125 in. diameter, ilrotobed parallel, fbmiiiig a rope S| in. diameter, and bound round 
with wire at 2-ft. interrale. 

The first form of wire rope regularly maDO&ctiired waa known aa selvagee, Fig«. 6TM, 67119. U 
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ooDsUted of a naralwr of haiA or munnealed wires, of abont 12 to IG wire-gauge, or O'lIO to 0-063 in. 
diameter, wliiob were Btretohed panllel and boaad together b;a flna wire of about 20 wiifr^aga,ar 
0'036 in. dUoieter, wound Bpiratly uround ; after wliich a p;irctUiug of wooUeii list was alio wound 
round in tlie euDtrarfdirectjon.witli theedges lapped ao as to covei the wires entirely ; the rope was 
oompleted bj a service of larrod yam wouad oa iu tbe oontrar; directioD to the list. The laeUiod of 
making tlie rope was simpl; to warp or streb/h the wires at a unifurm teusion over two honks set 
at Uie distance of theleu^uofrope required to be made, paa:iing the wires baohwarda and forwards 
over tbe hooka as many times as was neceseary to make up tbe size rt-quired. A mlution of iudia- 
rubber b'>Ued down in linseed oil, with a mixture of lean and tar, waa rubbed carefully into the 
body of the rope previoiu to binding up, and after the binding wire had been wound on, tbe solu- 
tion naa again applied to the Gilerinr wires to nrerent oxidation, the process of gnlvanizing not 
being pmctisod at tli.it lima. The parcelling of list was also saturated with the solution, the yam 
being tarred as usual. The binding and parcelling were always done by hand, before the rope was 
taken oCf ttia hooka ; but the service of yam was aauiilly laid on by a machine for that purpose, 
though DCOBsionally also by hand, Tbe method of attaching the fittings, such as shackles, thimblee, 
and aead-oyeSi was eitlier by forming an eye during the process of wiirping to receiTO tbcm, or by 
inserting tba end of tbe rope stripped to tlie wires into a conical socket attached to the shackle, and 
turning bock tbe ends of tlie wires so as lo prevent the rope being drawn out. But more generally 
the fittings were turned in. that la, the end of the rope was doubleil ruund and seized or bound 
to the standing parL It will be eeon that it was very difficult to splice this form uf npe, owing to 
■■ ■ ' ■ ■ ■ It lay. 
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terrice lulded to theBize,but not at all to the streDgUi,beingintandedonlyfor protecting the w 

Tbe machinery for making these solvagee ropes oonaisted simply of the two hooka over which 
the wire was warped, whic}i were attaohed to movable poata set at liie required distance u.nnder. 
Tbe serving macliiue waa a long wood trough, eitending nearly the anUre length of tlie rope- 
ground, having a r volving shaft at each end, with a hook at its extremity, and carrying a fast-aud- 
iDoso puUty, over which a djiving baud passed. The two serving hooka were driven at the same 
speed of about 400 revolutions a minute ; and the shiftiue forks uf the driving bonds were oonnected 
by a oord extending throughout the length of the ground, so that the workman could stop or start 
the machine at any part. An ordinary aerving mallet was employed for laying on the yam, and 
was guided by the workman, who also regulated the tension, the yam being supplied uom reels 
hoDz overliead. 

The next deacription of wire tope was known aa formed rope. Figs. 6756, 6757. ItMnsistedofa 
number of soft or an:ieated wires, usually 
about U wire-gBu-e, or OOSS in. dia- 
meter, formed or twisted into a atmud, 
but with little or no reganl to regu- 
larity r and four of these atraiiils wuro 
Inidintoarope, though thia number was 
not always the s:ime. Tlie number uf 
wires was Varied aooirding to the size of 
rope required, and oocasioiially the sizo 
of wire was altered (osuitcircumstanous. 
These ropes oloaely resembled ordinary 
hemp ropee io appeamnoe. Ttie twist 
OBUsed by forming Ibi^ strands remained 
In the wire as b pormantnt set, and the 
itraiida were laid together with an extra 
amount of twist or forehard in eiich 
str.ind, which was necessary to keep tho 
rope together. Little or no injury waa 
dune to (be wire by this proceas, owing 
to its being anneiiU'd, nnd also fram the 
leD;;tb of tbe twist of the wires in each 
jinind, which was nnuatly about 12 iu. 
pilch ; but it would be almost Impos- ttia. ')"- 

sible to UM'3 hard wire in this manner. 

The formed wire roues possessed gre*t pliability and some amount of elsatieity; they were 
readily spliced and fitted like ordinary lopee, and (hough not so strong as tbe aclvegee wire ropra, 
Ibej poawned many advantages and were more easily introduced. The small size and aoft nature 
of tbe wire used ofiTered little resistance to exterior friction, and tvlien em|>loved an incline or 
ruDuing ropes they soon flattened and wore ont. The irrcgnlarity with which the wires were 
formed or twisted into strands, frequently crussing and ictroseing one auotbcr, and the great 
difference in tbe Icnslh of the wires, as well us the short lay of the ropes, amounting to only 4J in. 

flitch, materiully aasiatid to destroy (hom. Even when used aimply as standing tigging, tbe wires 
requenJy broke, and the broken ends stuck outwards to tho danger of the Bailors handling tha 
ngging ; and to prevent accidents they were served with yam, like the selvagee rape. aRei having 
been wormed, that i^ having a yarn kid in between each strand so as to ulter tbe shape to a round 

Theflrat flat wiraropes, Figs. 6758, 6759, were composed of from eight to tnelve formed alranda, 
with the twiat alternately right and left banded, Diade of a number of flne wires usually about 13 or 20 
wire-gauge, or 0-050 to 0-036 in. diumeter. These strands were placed in the poaitinn of tha warp, 
in a loom of the ordinary form but greater stiengtfa,aud were woven together viitb a shoot of strong 
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C. Vary little twiat 
<B Mpos were by do lueaoB durable, 
tbeir Bpplicatiou was very limitul. 

tlat wiie topee iiere nixt made of 
four or six formed ropei, each mode of 
four strands laid very long, and allor- 
nttely rigbt sad kft Landed' tliese 
vera Btretdicd together side by Ude 
and sewn tbrough with ea. wires of 
Ko. 14 or i6 wire-gauae trom side to 
side in a zigzag direction, as in Fin. 
CTfiO. 6761, This was accomplished by 
carefully inaertiDt; a needle of dagger 
■Ijape between the stcftnds of the ropes, 
and w mnkiiig a passnge for the ttires, 
which were carefully laid side fay side. 
The round ropee tbus bmrnd together 
reaembleil the ordiiwry flat hemp rope 
in appaoiBnoe. The process was tedious, 
ODacciunt of tiie care necessary to avoid 
penetiating the ttnuids^vith the needle, 
wbicb wimld do great injury to the 

The last oonstractioD of wire rope is known m laid rope, Figs. 6762, 676S, Id whioh the stmiKla 
were made of a few wires, seldom exoeeding sii, laid around a core of hemp or wire^ the wires of the 
atiand beins entirely free from twiat, eaofa wire being simply laid in a spiral form without any twist 



u the wiielloei^ u ihowa in the diagram. Figs. 6761, 67G5. Sis 




withoDt forehard or additiooal twiat into a rope, sroimd a core generally of hemp. The size of 
wire uaually varied with tlie dze of the rope, as the tobU number of wires, 3U, was seldom varied. 
The wire was hard or tinsnneAled ; and by tlie system adopted in making, a uniform length was 
obtained with entire absence of twiat. By thia means the full strength of the wire wua retained, and 
consequently tlie rope produced was much slionger for the same weight. An increase in size is, 
however, caused by the intruductiou of the hemp cores, which amount to one-seventh of the eutiro 
bnlkin the case of ropes with six strands of ail wires uacii, the conatruction now usually adopted. 

The maohinery used in the manufacture of laid ^tiauds and ropoa originally consisted of the 
ordinary machinery need on rope-grumids for laying or closing hemp ropes, the machines at each 
end of the factory being epeedcd alike, as previously described. 

The next form of machine adopted bad simply one book, mounted in bearings on a fixed frame. 
and driven by hand or power, to which all the wires composing the strands were attached ; these 
were stretched along the grounil, supported at interrals on treeUes, till they reached the other end, 
where they were hooked on to swivels or lopeis. Atlsohed to the lopera were cords passing over 
pulleys and liaving weights euaponded from them, so es to regulate the tension of each wire, end 
also allow for the ahrinkage of the rope in the process of imikin^. When the hook was set in 
motion, the twiat In each wire ttaversed the entire length of the wire, ani! escaped at the end by 
means of the loper or swivel. A perforated plate or laying top was used, Ciirried by a workman 
nlong the gronnd, regulatiiig the amount of lay oi twist. 

The next machine used, shown in Fig. S166, was a modification of Haddart's hemp rope-laying 
machine, previou«ly described. In these miichines the operation went on cootinnoualy until the 
required length of strand or rope wua made, giving rise to the name of endless macbiuea ; they 
were also called vertical mBoliioes. bcaiuae the main I'riime carrying the apoola revolves on a vertical 
■sis. The flrst modification of tliia machine for making wire ropes oonsiated in altering tlie gearing 
for working the spool-frames B, so that no additional twiot or forehard was put in the wiros as in the 
Btnnds of hemp ropcfl, the pinions on the spool-frames being now mode of exactly the same diameter 
•a the central deaid-whcel, as in the diagrum. Fig. G767, causing the spool-franies to moke esactly 
one rotation on their axes fur each revolution of the machine. Machines of this descripLion were 
aLo made to work on a horizontal axis instead of a vorticnl one ; and a balance weight ws4 some- 
timea attached to each spool-frame in the liorizontal machines, nhich by its gravity prevented the 

rl Irom twisting the wire, and rendered geoiing unnecessary for the purpose ; but the speed of 
B machines was liraiteil in consequence. 

Anolher mLicliine wus Ihitt kuown ns a comfiound machiiie, for producing the entire rope 
finished at one Operation ; and may be described as cunsiiting of six stranding mtichinea, like 
that last desciibid, all mouiittd i.n one large frame and revulving horizontally, the neoeaaary 
motion being givun to the machinery to lav tlie wires into strands end then the strands into rope, 
without producing any twist in the mdividnal wires. This machine, though a mechanical suooess, 
was a oommerciaT fkLIiir^ and was soon abandoned for the simpler and cheaper plaa of first maUng 
the itranib and then Kiying them into ropes on separate maebtncs. 



EOPE-MAKINQ MACHINE. 

_ len made in the TertJOBl macfainee, Fig . , 

Tenting twfet of the wires dmiiig the lajing, bj emplojing k oentre crank o 



onter cranks oo the «pool-framea B, Fig 67S6, rad In the dii.gr«m, Fig. G76S, and alw ij mb- 
■titnting chain wheel* and pitch chain, Fig. G769. 

The method of joining the lengthi of wires was in the flnt initanoe by twisting the enda 
together ; afterwaidB, in the nuumfactnre of laid itranda. bj tnoking, that ia cutting ont the hemp 
core afaoat 12 in. &oin the end of the wire that baa mn onL and inserting in iti puce the end of 
the new len^h of wire; the rwt of the wine arc t)ien laid up on the new wire a« a core for 
a length of 6 in., when the new wire ia bronght out into ita right place and the remaining 6 in. of 
the old wire paued in aa the core, on which the laTing is again continued til! the end of the wt« 
il Madhed ; tho proper hemp core ia then replaoeil, and the proccaa of tajlng reaomed aa before. 
Some mannhoturera prefer to braie or weld the cnda of the wiree ti^Uier for joining the lengths, 
wire aa amall aa No. 16 wire-gange, or 0'065 in. diameter, being welded by experienced worbnen 
hj meana of a common portable forge. 

In Anhlbald Smith ■ wire-rope machine the bobbin-ftamca and bobbtoi are placad one behind 
another all in the axia of the rerolvlng fteme, and remain atationar; in that position while the 
frame alone ia made to rerolve. 

Snith't machine U ehown, fig*. €770 to 6773. Fig. 6770 ia a side elentlon of the entire 
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length of the machine. Fig. 6771 a side elevation of one portion of the machine, to a larger scale 
and partly in section. Fig. 6772 is a transverse section, and Fig. 6773 an end elevation at the front 
end of the machine. 

6»71. 
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The bobhins A, A, Fig. 6770, are here 
all arranged in a horizontal line one behind 
another, in the axis of the revolving frame 
of the machine. The revolving frame is 
composed of a number of disc-wheels 0, 0, 
framed together by three long bolts D, Fiea, 
6771, 6772, passing through holes near the 
edges of the di^cs and through strong iron 
distance tubes with collars at each end, 
which are all turned accurately to one 
length. Eight discs 0. O, Fig. 6770, are 
thus framed together by the three bolts, 
and separated by tlie distance tubes, forming 
seven compartments of the 'machine, each 
containing a bobbin of wire A. The laa^ 
disc at the back end of the machine forms 
part of a three-speed cone-pulley E, by 
which the entire frame is made to revolve, 
being supported and steadied sideways at 
every alternate dlso by the three rollers F, 
Fig. 6772. The bobbin-frames B. B, are 
centred in the revolving discs 0, and have a 
weight G suspended from their under side, 
sufficient to overcome the friction of the 
bearings and prevent tlie bobbin - frames 
f^m revolving with the machine. 

The front end of each bobbin-frame B, 
Fig. 6771, lias a hollow steel stud or nipple L 
carefully bell-mouthed; and the back end 
has a solid stud H. Each stud works in a 
boss cast on the disc G, having a clear hole 
right through the centre for the wire to pass 
ttirough ; and the boss on the front side of 
the disc hvs a large gap J, for the wire to 
pass out from the centre. The wire from 
each Iwbbin A, shown by the strong black 
line, is drawa olf through the bell-mouthed 
stud I and the centre of the disc C, and is 
then taken round the lending pulley K, 
Figi. 6771, 6772, which is fixed on the 
framing bolt D far the purpoie of enabling the 
wire to clear the bobbin in the next compart- 
ment. The wires pass t>irough holes in the 
disc on either side of the framing bolts D, ,,,..*_ xv 

as in Fig. 6772 ; and on reaching the front compartment of the machine, all the six wires from tne 
six bobbins A, Fig. 6770, are led round three pairs of leading pulleys K, and thence through the 
holes in the front disc. Fig. 6773, through the laying plate L, Fig. 6770. and over the laying top M. 
The laying plate I» is attached to the front disc of the machine, and has a slot in it for each wire to 
pass through. Tlie laying top M fixed in front of the laying plate is simply a cast-iron block 
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with the required ntimber of floores or grooveB for the wires. The front bobbin N, Fig. 6770, in 
the first compartment of the machine, carries a seventh wire to form the core for the six extenial 
wires, which is led off through the oentre of the front disc and through a hole in the centre ot the 
laying plate L and laying tap M. The tension or temper of each of the seven wires is regulated 
to the exact amount required by a friction- brake O on the spindle of each bobbin, Fig. 6772. The 
bearings of the spindle in the bobbin-frame B are provided with spring caps, to facilitate changing 
the bobbins. 

The six wires are all brought together nt a point immediately in front of the laying top M, 
where they are all laid round the core by the revolution of the machine, the bobbins A remaining 
stationary with the exoeption of their unwinding motion as the wires are drawn ofi ; each wire 
is thus laid into the strand free from twist in itself. The strand thus made passes between 
the nipping rollers P, Fig. 6773, which have a series of scores of different diameters to suit various 
sizes of strand or rope ; the lower roller turns on a fixed stud, and the upper one on a weighted 
lever. The strand is then led half round the indicator sheave B, Fig. 6770, which has a counter 
attached to indicate the number of yards or fathoms made. Thence it passes backwards tdong- 
side the machine to the draw-off wheels S, S, at the back end ; these are V grooved wheels of equal 
diameter, round which the strand passes in a figure of 8 course, being pressed tight iuto the groove 
of the second wheel by the tightening roller or jockey-wheel T, which prevents the strand from 
slipping from any accidenttU cause. The draw-off wheels S are driven from the driving pulley E 
by intermediate Devel-gearing, with a change-wheel bv whicli the speed of the draw-off wheels is 
regulated in proportion to the speed of reyolution of the machine, whereby the lay of the wires or 
pitch of the spiral in the strand is determined. The strand finally leaving the machine from the 
oraw-off wheels is wound on a bobbin, ready to be placed in a second similar machine to be laid 
into rope. In this second machine the revolution of the laying apparatus is in the opposite direction, 
while that of the draw-off wheels is in the same direction as in the first machine, in order to make 
the lay of the strands in the rope contrary to tliat of the ^ires in each strand. From the second 
machine the rope is coiled on a reel, or in case of its being a long length it is sometimes coiled 
down direct into trucks for transportation. 

In this machine, instead of the bobbins and bobbin-frames, which sometimes contain half a ton 
weight each, being carried round the common centre of the machine, sometimes describing a circle 
of 15 ft. diameter, and also rotating on the axes of the bobbin-frames once for every lay in the 
rope, the same >esult is attained without any motion being given to the bobbin-frames. This is 
an important advantage, because in course of working some of the bobbins are full while others are 
nearly emptv, and in the case of the old machinery a great strain is thereby thrown on the parts 
of the machine from the variation in weight; while in the construction just described the 
equilibrium of the machine is never disturbed. In addition to this, great regularity of lay results 
from the wire being free to unwind, and from the absence of the extra tension that was necessary 
to prevent the wire being disturbed when rapidly carried round in the old machine. The 
stationary position of the bobbins enables the workmen to see what is going on, and no entangle- 
ment of the wire takes place, as is frequently the case in other machinea 

BOTARY ENGINE. Fn., Botatoire-machine ; Ger. Dreh^Maachine ; Ital., Macchina rotatoria; 
Span., Mdquina rotatoria. 

See ENGmiss, Varieties of, 

SAFETY-YALYR Fb., Soupape de surety; Gsb., Sicherheitsventa ; Span., Valvoh cU sicurezMf 
Span., Vdivula de aeffuridad. 

See Details of Engimx& 

SAW. Fb., Scie; Gbb., Sage; Ital., Sega; Span., Sierra. 

See WooD-woBKiNa Maohineby. 

SCAFFOLDING. Fb., Kchafaudage; Geb., Hustung; Ital., Ponte, Castelh; Span., Andamiaje. 

Scaffolds, Staging, and Gantries.— A scaffold as used in building is a temporary structure sup- 
porting a platform, by means of which the workmen and their materials are brought within reach 
of the work. 

The most oommon form of scaffold is that used by the bricklayer. It consists of poles, usually 
of fir, from 25 to 40 ft in length, and from 6 to 8 in. in diameter at the butt or larger ends. These 
poles, which are called standards, are planted in a row at intervals of lO.or 12 ft., and at a distnnoe 
from the wall to be erected of about 5 ft. in the clear. To the standards on the sides next th^ wall 
other poles called ledgers, placed horizontally, are lashed with ropes as the work proceeda at 
intervals of about 5 ft., in height. These support the putlogs, which are pieces of squared timber 
about 6 ft. long, and from 4 in. by 8 in. to 4 in. by 3} in. in scantling. The putlogs are supported 
at one end on the ledgers and the other on the wall, a header or half-brick oeing left out for the 
purpose in bmlding. Putlogs are usually placed at about 3} or 4 ft. apart On tiiem are laid the 
scaffold boards, which are about 9 in. wide b^ 1} in. thick. It Is on these scaffold boards that 
the workmen stand, and the bricks and mortar are deposited. Fig. 6774 shows the arrangement 
of a bricklayer's scaffold. When the scaffold has to be carried to a considerable height other 
poles are lashed to tiie standards with roues tightened by wedges. Poles are also lashed diagonally 
across every three or four standards in the shape of a St Andrew's cross ; these are called oraces, 
and they serve to stiffen or brace the scaffold longitudinally. 

In buildings which do not admit of putlog-holes in the walls, as where rubble stone or ashlar 
facing is used, and which do not require heavy machinery for hoisting, or strong timbers in the 
scaffold, two rows of standuds with ledgers are used, one row being close to the wall, and the 
other at the usual distance, so that both ends of the putlogs may rest on the ledgers. Scaffolds 
su?h as we have just described are sometimes used for heights of 90 or 100 ft. from the ground, as 
in building church steeples and similar work. In the erection of houses it is usual to construct a 
staging a£>ut 10 ft square on the outside of the scaffolding, for the purpose of hoisting materials 
and from which they are distributed for use. This staging ia usually formed with standards and 



2888 ^AWVQUaSQ. 

Isdgera in the tome mannet as the Mtdlbld to whioh it fi oooneeted. Id the emetion of luge iraiki 

in maaon^, the roateriftlB used being blo^of rtooe,lreqiientl7 weighing several tons, it is obviotu 

that a ditferiiit orrBCigement 

IE required from tliat where 

the m&teriali can be lifted 

and aet by the hasda of the 

woibmen, u in ttie case of 

brioks and the amall Btones 

need in rubble-work. The 

ntason therefore usee, inatead 

of a BcaCTiild formed of mnnd 

polea, one of aqnared timben 

of large aomtliDg, which 

being too large to be lashed 

with ropea, are fastined to- 
gether by bolta and dog-irona, 

and are kept quite indepen- 
dent of Iho walU, putlog-holee 

as nsed in brickwork being 

inailmlsaibl''. < 

The standards were for- 
merly planted in too rows, 

one bemg next fcj the wall, 

and a boarded platform was 

carried on the top similar to 

tho bricklayer's Bcaffbld. the 

heavy stones being hoisted 

and set by meaoe of shears 

wilh blocks and tuckle. Tbia 

method is non nlmost aupersedeil in large worka by a staging formed of aqnared tiabem. In the 

tamo manner as tiie mason's aoaffbld, but with only <ne row of standards on eooh eide ol the walL 

On these standards are laid the longiladinal timbers, whlob nsnallj carry a line of rails on which 

a travelling platfom conlaining the hoisting gear can move over the entire extent of the bnildiuK. 

The standards and loDgitadiniil timbers are made perfe^ly rigid b; stmts, dbipoBed as in Fig. 6770, 

which is a front view of one tier of the outer row of timbers. 

The standards A, A, are in scantling usnaHv from S to 12 in. square, according to the height of 
the soaCTold and the weight to be supported. The distance apart is iromlD to20 n. Corbel or cap- 
pieMa B, B, are placed under the longitudinal timbers or ninners C, 0, to give ibe latter a better 
Wring on the heads of the standards. The runners C, C, are osti^y of the mme aoantUng ■• the 
standards ; but the struts D, D, are seldom mote than one-half tlie sectional area of the atwdaidsk 
Theee stmts usually pitoh against a straining piece E, which is bolted to the under side of tiie 
mimers. The lower ends of the stmts rest on cleats, and are aecnred to the sides of the standards 
either by iron spikes or bolts. It is desirable to have as few bolt-lioies as poeaible, and to avoid 
notching, mortising, or otherwise cutting into the timber, so that the detorioration in value at tlie 
oompletion of the work may be as little as possible. Therefore the several pieces ate for the moat 
part put together with dog-irona, which are piecee of square or round iron about f in. in diameter, 
having the ends pointed and turned down at right angles. Theee are driveu into the wood, and 
can be removed with little or no injury to it afterwards. 

The distance at which each row of standards should be placed from the wall will depend upon 
the general arrangement for oonduoting the works. In some cases a ttamway leading from the 
quarry or stone depot is laid between the outer row of stondards and the wall to admit at the stone 
being lifted directly from the truck on to the work. In this case a space of from 10 to 20 (l. would 
be required between tlie Btandards and the wull. In other cases, as in the streets of towns, or wliere 
the space is limited, the timbtni ore placed within a few feet of tlie wall en both sides, and the 
materials ate lifted at some convenient part of the work, ov^r whii-h tlie traveller with its hoisting 
gear can be brought. Fig. 6776 shows a section of a wall in progress with the travelling platform 
resting on tlie staging. 

To prevent lateral movement In the staging, stmts from the ground, as F, Fig, 6776, are nsuallj 
fixed to each standurd. .The lower ends of the struts should al ways be fixed to foot-blocka, sa at G, 
by which they are prevented from sinking into the ground. A short pile should be driven at the 
outer end of the foot-block, which vrill prevent it tima slipping. The usual practice, however, is 
that shown by Fig. G7T7, in which the foot-block is sunk in the ground at right angles to the 
direction of the strut. The choice of these methoils will depend on the nature of the ground. 
Bometimes the ends of the standards are framed witli a shorter stub tonon inti aoontinaous sill of 
timber placed on the surface of the ground ; this prevents the unequal settlement of the standards, 
which would be fatal to the stability of the staging. 

In the foregoing desoriptiiiu the staging is suppoeed to be in one tier only; bnt tn huildinge 
which have to be carried to a great height the staging will require to be raised accordingly. This 
is usually accompli shed by placing ab^n of timber across the head of each standard, and projecting 
some 9 or 10 (t. beyond it at riRht angles to the direction of the runners on which it is made to 
rest, Bs I, I, Fie. G777. This piece, which is called a fooling piece, servee the same purpose as the 
foot-block O, Fig. 6776; but iniitead of resting on the ground, it in supported by the stmtH U, H, 
Pig. 6n7. Theee stmts are usually in two pieci'B in order that the struts V. F, may pass between them. 
The standards of the upper tiers should always be placed directly over tboee of the lower tiers 
to prevent cross strains on the horizontal timbers. Figa. CT77, 6778, show the principle generally 
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•dopled for aUging of thia kind, the uppw tier being nstutll; braced by diagonal bmoeo, u ehoim 
in Fig. 6778. 
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Tlie tenn gantry is &eqaeQtly appli 
properlj n gantry ia a staging nhicti oi 

Fig. €779 u a traniverae soction ohowing the argemont of the titnbera of a staging aa naed in 
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arch. A lino of roilg is generally laid on each aide lo admit of u travullcr colled a WelliDstoD, 
which ifl aimilar to tlint abowa by Pig. 6776, bnl with the addition of Icrs to make it clear the 

upper portion of the atructn "" ' " ' 

ever thoir weight may be, « 

in tho poidtion they are to occupy ii 
traveller nould not be nquLrud. 

la viaducts of great height a staging, as Fig. 6779, ia al»o used to support the oeuteriiiK, or in 
those formed of Itoo the girders ore pat togetlier on it. That used in conatnicting the land tubes 
of the Britannia Bridge in 1850 was similai in principle to the staging shownby Fig, 6779. When the 
arches areof considerable epan, two or more of the fiumes sliown by Fig. 6779 are required for each 
arch ; they are connected by longitndinol timbera or runners, on which the raila ai« laid strutted. 
Fig. G775i or when the diatanoo between the eapports is great, wrougbt-iron tie-tola are ossd as 
for purlins. Whore centering has not lo be su£porloil. or in an iron bridge whete the girders are 
Dot put together in poaition, a simple gantiy. Figs. ^777, 6778, to carry a traveller is all thai ia 
required. 



The BcaiToldiii^ naod in the erection of domee and nxA of considerable span, as those fbr large 
railway atations, is nothing more than a seriee of standards with longitudinal timbers, and a plat- 
form on the top with diagonal bracee and struta between the standards, similar to that shown by 
Fig. 6779. The arrangement or plan will of course vary according to the shape and extent of the 
building. Whole timbera are generally used for both atandarda, and runnen and balf-timbers foi 
the atrutgand bnces. The platform ia uaually formed of planbi 3 in. in tbicknecs. 

Fig. G7SD repreeenta the movable acaffolding and its oircular track, conatructed by H. Lee and 
Sons, and employed in building Gairisou Point Fort, Sheemeas. This traveller ia 46 ft. high from 
rail to lail ; the tramway or track ia of the ordinary kind employed Tor atone travel ; extreme width 
18 ft., length of sill 2i fl. The crane ia the ordinary travelling crane nsed by masons and eon- 
traotora; the traosveraii carriage and crab are arranged in lliu usual manner. The economy of 
manual labour in working cranes is a subject of inucb importance to the builder and contractor, 
especinlly for heavy works, oud much attention ban been given to this subject. Steam power has 
been long employed for the lifting and removal of heavy weights, and the amount of labour eared 
by the stonra travelling crane, compared with the ordinary hsnd-labour machine, is conaidenbte. Id 
many of our modem engineering opelations scaffolding baa to be constructed to support a small 
steam-engine and bailer as well oa tlie crane and materiaU to bo moved ; for it is often (bnnd ODD- 
venient to bave a steam-engine and boiler with the driving gcnr supported upon the platfom at 
oco extremity of the trunsverso carriage. b«ing Gxed thereto, and Iravelling with it, in a longitudinal 
direction, whenever so rtquircd. In lliia way the steam power travel* with t)ie tmverBing carriage^ 
aud does not require any longitudinal sbefts or bearings, which is tlie esse when a find engine ia 
cm^oycd, the lubrication and friition of I be longitudinal shafting being also saved. 

Figs. 6781, 6782, show a sketch of the staging used by the contractors, Lee and Sons, iu the 
coTigtraction of the Admiralty Pier at Dover, in a depth of water of over GO ft. at high spring- 
lilies. This staging carried a irair of travellers on rails 37 ft. 10 in. apart, iinil alao two Iramwaya 
of 4 rt. 10 in. gauge for the trollies which carried the materiuls to run on, one being OQ caoli aide of 
tlio travellers. 

The slagiog was supported ou three rows of pilee, from 17 to 20 in. diameter, and about 90 fL 
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long, but with one splioe in each pile above the high-water leveL The splices were made good 
with wronght-iion bands and straps. The pUes were shod with iron, and driven into the ground at 
intervals of 25 ft from centre to centre, and the distance between each row was about 41 ft 

The transverse beams, which ** 

e»8i 
^...».. — -^ » a 



were of whole timbers, were in 
two thicknesses, one above the 
other, and were secured to the 
heads of the piles bv iron sockets 
bolted on. Over tne transverse 
beams were laid the runners; 
those for the traveller rails were 
formed of two. whole balks 
placed side by side. The tram- 
ways were supported by single 
balks of the same size. A foot- 
way about 4 ft. 6 in. in the clear 
was formed in the middle of the 
stage by planking over the 
space between the runners of 
the adjoining traveller ways. 

As the staging was liable at 
tunes to the wash of a very 
heavy sea, it was the object of 
the contractors to oonstruot it 
so as to offer as little obstruction 
to the waves as possible, there- 
fore the ties and braces were 
all made of wrought iron, as 
shown by the thick black lines 
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in the drawing, and the piles were rounded with the same object From the great length of the 
piles under water it was difficult to introduce efficient bracing, consequently to each pile of the 
outside rows a pair of mooring chains were attached and anchored in the sea, one at a distance of 
about 490 ft from the foot of the pile, and the other at about 290 ft 

It is raroly that we find a staging erected in such deep water, and it reflects much credit on the 
skill of the contractors who carried it out 

SCREW ENGINES. 

The chief 'difference between marine engines adapted to drive paddle-wheels, and those suited 
for giving motion to the screw is, that in the latter case the engines are direct acting, whilst in the 
former they are not always direct acting, but the motion is conveyed through the intervention of 
side Iavgts 

The overhead arrangement of the cylinders. Figs. 6783, 6784, is very common with screw 
engines built in the north of England, and any variation in their design and position is usually due 
to the particular variety of condenser adopted. 

Figs. 6783, 6784, represent a pair of engines with injection-condensers. The cylinders are sup- 
ported on standards similar to a girder. The slide-valves are between the cylinders, but ample 
space is allowed for necessary inspection. The supply steam pipe is attached to tho casing at 
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the ddo, the enuuiBt-pipe being situated opposite. This latter pipe forms two separate eonneo- 
tioDB at the top, with a single oonneotion at uie end secured to the oondenaer. The expansion and 
contraction of this pipe is eftected 

by the stuffing box seen on the con- ^^ 

denser. The air-pumps and valve- 
ohamberd are secured beyond the 
condenser. Motion is imparted by 
levers connected at the one end to 
links on each side of the connect- 
ing-rod pin ; the other end being 
in like manner secured to the cross- 
head which is connected direct to 
the air, feed, and bilge pumps* 
rods. 

Bide guides are sometimes used 
for the pump cross-head, but are 
not sdways lued with short strokes 
and stiff gear. The injeotion- valve 
is stioured below the exhaust steam 
pipe, between the condenser and 
the air-vessel, the latter being on 
the dischsj^o-ohamber. The final 
discharge-water pipe is secured to 
tlie outside of the chamber, and 
from thonce to the ship's side. The 
guide-blocks for the engine piston- 
rods are of the ordinary kind, with 
fliit surfaces and adjusting pieces. 
The connecting rod is of the usual 
type and connection. The base or 
lower framing is similar to box- 
girder in section, also forming a 
portion of the condenser and valve- 
chambers at the side. The valve 
link motion is between the engines. 
The means for starting, stopping, 
and reversing, are attoined oy a 
hand -wheel, worm, pinion, and 
levers. The cranks and shaft are 
in one forging, the bearings being 
fitted with adjustable braasee. 

Double Trunk-engines. — ^The ob- 
ject to be attained by trunk-engines 
is compactness of arrangement, 
with free space above the cylinders 
and condensers. 

Figs. 6785, 6786, represent an 
arrangement of double trunk- 
cylinder screw engines by J. Penn 
and Son. 

The cylinders are secured to- 
gether on one side of the centre of 
the hull of the vessel. The trunks 
are double, that is, one trunk on 
each side of the piston passes direct 
through Uie front ana back ends 
of the cylinders. The cross-head 
pin is connected by bolts and nuts 
passing through projections cast 
on the piston and front trunk, the 
back trunk being a separate east- 
ing, and secured by studs and nuts. 
The connecting rods are of the 
ordinary single-end kind, adjusted 
by securing holts and nuts. The 
main frames are of oast iron, the 
caps of which are secured in a line with that of the cylinder. The cranks are counterbalanced by 
weights secured to the back of each, thus producing a uniform motion. 

The slide-valve adopted by J. Penn and Bon is the equilibrium double-ported. The friction is 
here greatly mitigated by a recess in the back of the valve, which encloses u ring and packing, the 
outer side of the ring bearing against the cover of the casing, and thus excludes the full area of the 
valve from being exposed to the action of the steam. 

The mode of imparting the motion to the valve is by the ordinary slottf d links and eccentric's. 
The valve-rod— when one is used— is guided beyond the casing by a guide-box secured to the 
main framing. When two rods are adopted, a crosa-head oannects them. The guides are above 




S7S4. 



^ — ■ 


7 


/ 


\ 


I 


p 


^ 


— / 




A 


/ 


\ 




SCBBW ENGINES. 




The mode of raising »oA lowering the link la Reoenllj by • rod conneoted to a lerer keyed on 
» shaft ; on this ehatt la secured n quadisnt gearicK vith a worm, the latter fonnln^ a portion of, 
or keyed on, the itartinK-wlieel shaft The coDnrotion of the UTtug rod with the hnk ii central, 

the fim teemiiig to prefer this to any other preition. 

The mode of teTening ia as follows j — Mitrc-eearins on the whecl-ihaft imp«rta CDOtioQ to a 
rotatory box encompassiiitc a perpendicular ■oi-ewod rod, the lower end of the latter being connected 
to a lexer counterbalaored at its outer extremity. A rod attached to this lever connects it with the 
link, and thus any motion imparled to the sorewed rod is tranonitted to the link. 

The sapply steam is admitted to the slide-vnlve eaiinga through a separate bonnet or casing 
containing the ezpaDsioo-Talve. The exhaust steam pasirea through seperate pipea leading from 
tho oyliuder to the condensers. The latter is K> arrange that the oondenilng and discharge 
chambers for each engine are in separate caslinga. connected at the oeutr; by bolts and nula. The 
condenaeiB ore at the outer sides of this ammjiement, or fbre and aft of the hull ; the dischnrge- 
ohambetB being placed in the middle. The suction and dulivery Talvea are on the same level, 
above the buneU of the pumpa, The feeii and bilge pump bairola are cast intb the condensing 
oljambera. The valves are atlaclied in suitable boxes, iiccured to the exterior of the chambon 
forming the side*. Motion to all tlic pumps is inipnrti.d by roda directly conneoted from the steam- 
pistons to the several pistons and plungcra. Tlio iojeotion-valvos are secured at the sido of each 
condenser, opposite or beyond each exhaust st«am pipe. 

Setura-atting Jrumt-ciginei.— Figs. 6787, 6788. are of the retum-aoting trunh air- pump sorew 
engine of B. Napiei and Sous, Glasgow. The c; linden are atbuhed together on the same aide of 
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the crank-Bhalt, and the slide-yalvea are situated at the side of each cylhider fore and aft ; the Talve 
adopted being flie equilibrium double-ported arrangement, packed at the back with the ordinary 





ring, spring, adjubting studs and nuts. The centre of the valve-rod, unlike most examples hj other 
makers, is above that of the crank-shaft. The motion— for the valve— is imparted by the ordinary'' 
slotte^l link, eccentric rods, and so on. The position of the link is at the side of the condensers. 
The Kear for starting, stopping, and reversing is a screwed rod with a sliding block encompassing it, 
motion from the hand-wheel shaft being transmittal by mitre-gearing. The back portion of the 
sliding block— on the rod — is fitted into a guide secured to the side of the condenser, to prevent lateral 
disa;T:ingement. There are two hand- wheels, one on each side of the condenser, keyed on the 
weigh-shaft, which latter is supported on tlie condenser passing across the top. 

By this particular position of the starting gear a maximum length of eccentric rod is attained, 
while the cylinders are secured as near the crank-shaft as the length of the stroke of the piston 
will admit. 

The injection-condensers are fitted with single-acting pumps, so arranged that the steam entera 
the condensing chamber at the front end from the top, and the chamber extends midway above tiie 
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top of the pniiip. Channels are fonned on each side of the air-pump barrel for the reoeption of the 
saction-TalTes, which are inverted to ensure a perfect drainage of the condensed steam. The dia- 
oharge-valves are secured directly over those for the suction ; and as the bottom of the discharge- 
chamber is on a level with the top of the pump-barrel, a ihorough discharge of both air and water 
is effected, transversely for the entire width of the disposition. The injection-water fails through 
a perforated plate. 

The plunger or trunk is a cylinder, closed at the back end, and the adjustment of the con- 
necting rod is thus effected ; — ^At the back, or within the end of the trunk, is secured a single eye 
fixed within a small cylinder, termed the adjusting tube, forming a portion of the trunk, projecting 
it a distance from, and equal to the length of the stroke of the enj<ine. The securing end of the 
single eye is bored throughout ito length to admit a rod, the end of which acts against the inside 
brass. Adjustment is attained by tiie outer end of the rod being connected to tlie extremity of the 
adjusting tube. The connecting rod is forked at the trunk end. The connection with the orank- 
pin is e&cted by securing bolts, brasses, and stop-pins of the ordinary kind. 

The supply steam enters the top valve-casing secured on the slide-valve casing of the engine 
nearest the boiler. The ez^nsion-valves are so situated to be instantaneously effective. The feed 
and bilge pumps derive their motion from the plunger or trunk of the air-pump ; and their valves 
and boxes are at the back of the discharge-chamber, fitted with the suitable springs and adjustable 
oonneotions. The shiftiofi" vnlves are secured at the back of each air-pump ; underneath the latter 
is a passage from the condenser, by which a certain drain ia secured. The injection-valves are at 
the side of each condenser, near the starting wheel, thus ensuring ready manipulation, without 
inconvenience ; the cylinders are fitted with the necessary relief and blow-through valves ; and 
lubricators are fixed at each end of the cylinder. 

8mgl6 Piikm-md Engines^ l>y Htunphrys and TmnatU, Fig. 6788. — The cylinders are here 

6Y89. 




secured together on one side of the crank-shaft, and have double-ported equilibrium slide-valves, 
packed at the back with a ring and gasket. The pistons are cast hollow, with ribs to retain the 
requisite strength while under pressure. The piston-rod is secured by a hut at the back of the 
piston. The stuffing box is the ordinary kind ; the gland being adjusted by studs and nuts. The 
lubrication of the piston-rod is maintHincd bv an oil cup, or channel, encompassing the rod beyond 
the packing gland, forming a part of the bush in the latter. In order to prevent the oil wasting by 
the motion of the piston-rod, a stuffing box and gland is placed beyond the oil-chamber, and thus 
economy of lubrication is ensured. The form of the piston-rod at the connection with the gnide- 
block is similar to the letter H on its side. 

The guide-Mock for the piston-rod is in halves, each portion being almost a duplicate of the 
other. At the under side or the block, below the piston-rod, flanges nre cast : and underneath 
these is arranged a plain surface, termed Ihe slipper or shoe. The line of contact of the slipper and 
the block is at an angle ; thus it can always be adjusted by a stud and nut ust d for that purpose. 
The section of the guide-channel is of a double brscket, the under side being connected. The con- 
necting rod is of a forked form clasping the sides of the block ; the pin, forming the attachment, 
being situated in the centre of the block. The whole is adjusted by securing-bolts over and under 
the block-pin; the strains imposed on these bolts are, of course, equivalent to that exerted on and 
against the piaton-rod, therefore the areas are equal. The nuts of the securing-bolts are prevented 
from coming loose by stop-rings, pins, and outside keys. The crank end of tiie connecting rod is 
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semi-flolid, adjusted by seormng-boltB, iiimilar to those for the guide-block. The brasses are cironlar, 
retained by their contact with the seouring-bolts, and thus angular seats are obviated. Suitable 
iflanges prevent lateral movement, and lubrication is obtained by the wiper and suspended can, as 
for the guide-pin. The cranks and shaft are in one forging, of plain exterior, cunshitent with 
uniformity and strength. 

The main frames next claim attention. The main frames are of cast iron, forming at the base, 
between the cylinders and crank-shaft, a floor that is connected to the condenser in the centre of 
each bearing. 

The guide-channel for the guide-block is secured by studs and nuts, being a separate casting. 
Between the guide-channel projection and the supports for the crank-shaft a tmnsverse connection 
of the fhtming throughout is introduced, in order to ensure a perfect casting. The brasses in the 
main supports are the ordinary kind, adjusted with securing-bolts and nuts. It will be noticed that 
the frames between the cylinders and the crank-shaft supports are raised proportionately to the 
preceding examples, but very slightly from the base line, at the connections with the cylinders and 
the condensers. In order to resist the direct strain above the centre of the crank-shaft, a stay is 
secured between each frame to support the flrout of tho cylinders, and by that connection the 
requisite resistance against the sidie strains is obtained. Each of the main bearings is provided 
with oil-chambers and water-tubes— the latter being required only in the case of heated bearings. 

£etw^ OonnecUng^rod Soma JEngmes, by Maudslay, Sons, and FiOd^ Figs. ^90, 6791.— The cylin- 





ders are secured together opposite the condensers, each pair being situated at the port and starboard 
sides of the keel of the hulL They are fitted with double-ported equilibrium slide-valves, the 
packing at the back being of the ordinary kind, and having a communication from the condenser, 
which assists to reduce the face friction. The supply steam enters the slide-casing through that 
for the expansion-valve, the latter oasEUg being on the top of the former. E^h casiDg is sepaiately 
supplied with steam, so that an independent action is preserved. 

In order to preserve a direct action from the eccentric, the slotted link is azxanged to rest on the 
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blook-pin when the link u lowered. With alide-nlfea of mftzimiim ares, two lode ue iatrodmed, 
eaoh of which in flied bj nets to a, ciow-beod : and brachet biubes, Beoared to the main frunes 
fonn guides, tbrongh which the slide-rods pa«». The link block-pin ia aonarei to the orow-bead 
at the bach to retain a certain length of ecoentric rod. 

For raiBing and towering the link, below the link, in the oentie of the length of the main framea, 
■ia a weigb-Bbaft. On thia ia fixed a doable leier, to which at one eitremity is hung a oounter- 
balanca, and the other ia oonneoted to a Tertioal rod. This rod is attached at the nppet end to a 
coanelf-pilobcd sorewed rod, which paasea thiongh or fits la a bosh sapported in a staudaid, the 
latter being aecored on the alide-TalTe casing. The bosh fonns pait of e, mitre- pinion, which gears 
with another pininL fixed on the band-wlicel shaft. On motion being impartad to the mitre-gearing, 
the double leier bj its oonoection with thelacrew, will be raised and lowered. The connection of 
the lever with the link Is by a rod, the latt^ being attached to the centre of the length of the link 
at the ono end. and to the lever hj a slot and pin at the other. Bj thia oonneotlon an almost eqnal 
aotlon is imparted to the dide-valve, whether the liok is raised or lowered. The poailion of the 
starting platform is between the condensers, each ratgine having separate starting gear. 



The hand-wheels are sltnated directly over the ramneetbg rods, aboat midway of the length oT 
the gnide.obe.unels 1 the other manipnlating gear being eloae at band. 

The main braases aro fitted with cape, bolts, and nhta. It wfll be notioed that the oenire f^ame 
hna a doable bearing, Uie central space being provided for the Bpnr-wheel which IrapaitB motion to 
the expansion-Talves. The crank-^baft is in one forging; the connecting rods are ungly conneoled 
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at each end with semi-Bolid beads and caps, adjusted by securing-bolts and nuts^ and Laving suit- 
able oil-cans and wipers for lubrication. 

Fig. 67^2 is the plan of an arrangement of single piston-rod direct-acting engines by J. and W. 
Dudgeon. Each arrangement is separate, without any connection of the working portions. The 
cylinders are the oompiiund kind; the high pressure within the low. Three piston-rods are 
required for each engine, the centre rod being connected to the high-pressure piston. The guide- 
ehannels — ^below each piston-rod, connected to the annular piston— are the ordinary kind, arranged 
to receive slipper-blocks. The cross-head is secured to the piston-rod by nuts, and turned on each 
side of the central connection to receive the forked end of the connecting rod, which is of the 

nr_An^ IpivkI nri^Vi flaf. Ki*aaa<3a norko a.iir1 aAAllVITKyoVlolta Thtt main A^wia AMnnlv ai«<v4^ »««»>«. »»A^ ^^J 




untoKW lur uiv uxvkiu ut9Hriu}^» »ro nujustcu, ni> nu nugicj, uy kuu uiuiaary Becunug-DOllS ana cape. 

The slide-valves are double-ported, to supply and exhaust the steam simultaneously from the 
respective cylinders, one valve only being requisite to each engine. The Lirger cylinder is double- 
ported on eaoii side of the exhaust-port, and the passages, at the back and front end, communioato 
with the high-prosaure cylinder. 



END 
ELEVATION 




The link is two solid bars, connected transversely at the extremities. The block is inserted in 
a single eye, which forms the extremity of the valve-rod. Each bar of the link clasps the block, 
suitable recesses being formed for that purpose. The eccentric rods are connected to the outsides of 
each bar, and secured by separate pins. The lifting rod is connected, at the lower end, to the centre 
of the length of the link ; the upper end being attached to a lever, whose shaft is supported in 
brackets, the latter being secured to the front of the cylinder. Motion is imparted to the lever 
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weieht-aban by b toothed quadrant keyed thereon. Tho band-vheeU ue bOTiBontaUy secmied on 
Tertiosl abafta; the latter are formed with worma, nhich guar with the quadrants. The wheels in 
ouestioD are aitnated at the inner extremitiaa sf each main framing. The alarting platfoim, above 
the steam piping, supports the wheel-shaft oolumns, thus oombining simplicity of oonneotion with 
economy of conatruction. 

The oondenaers, seen beyond the ojlinders, Fig. 67EI2, at the back of the same, are the sarface 
kind. The motion requisite for the air and circulating pumps, double acting, is derired from the 
steem-pistons. The eihanst steam enters the condeaaor at the top by separate pipes, oonuecting 
with the eihsnsl-paasages on tho oylindera. The supply steam pipe is pliu^ almost in the centte 
of the entire airangemcnt, passing from end to end, and thus being oommou to each slide-easing. 

The feed and bilge pumps are worked by arms secured on each eii-pnmp rod. The val«e-b^ue 
are Monied %t the aiaea of eaoti oondenaei; lo fKoilitate aooesa for iuspeotiDn and repnir. 



FIrb. G793 lo 6798 are of a neat amtngBment ofoomponnd engines by Day, Snmmars, and Oo. 
Pig. 6793 is tho end elevation, which shows the vslve-handleB and stBrting_ gear on the right band 
of the orank-ahaft, near the floor line, the gear being the rock-and-pijiion type with the rack 
Mtached at an angle to the lever of (be neigbt-sha^ on which are secured the two levers in eon- 
nectfoQ with the links by the twin side rods. 

The pnmp-motion gear is simple, being the general lever kind, with the nsnal link ftttachmeDt 
to Oie main eross-head pin of the piaton-rod. Above this is the high-prcsnre valve-casing, with 
the atop-valve casing nt the rigbt-oand side, and beyond that is the outline of the cylinder, with 
the ini^cator tubing ehovm un the lult-hand side. 

In the plan. Fig. 6794, is seen the receiver conneoting the high and low cylinders on both aides 
there is, however, not much detail to direct attention lo, because the two views co~°-"™"' 
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Fig. 6795 is a transrerse sectionftl elevation, which shows sections of the low-pressnre cylinder, 
snrface condenser, and air-pump. The cross-head guide-block of the main steam piston-rod is 
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noni in dcdgn KDd unngement, oomiatiiig of a block fonued with the nd, and a Mp on tha 
loww half, Mcnred by botta and nuta that - also adjnet tba ireariDs Bnrfaoet around the orose-bead 
pin i the Utaral adjostiaent of the WDikutg aurfaoea at the sidw is attained bj screw wedsM with 
nnti at cmIi aid. 



Fig, 6796 is the seDtteoal BIkd of the ejllnden^ allde-vatTea, cadnga, and pUtons, Bhoniog tho 
nodver that eonneds the hlgh-prewiira and low-preBore CTlindera ; and on the left-oaod dde aie 
tlie oondenaer-pnmpa and liRMiketiv oppMite to whioh ia the fbnndatioD framing, on which the 
piide-framea «e mpported. The alioe-TalTe of the high-pi o — nre ojlinder, Fig. 6797, ia tingle- 

rid, with no eitia ontoif valve at the back, (be grade of eznannon being attained bj ahifting 
link-motioa. The ilide-nlTe of the tow-preamre Ib doDbls-poited, or eqaiiibiinm donblo- 
ported. The oioo-headi are shown complete with the blook-bead in seotion. as also are the 
oTHtked 'ahaft btsrings and tbe lower fiinme beerera. Fig. 6798- is the seotional plan of the 
OMidenser and main frame ; the aii and cironlating pompa are also in aectioo, to show tbe number 
of the piatmi'TalTea in the one can and the discharge-TalTes in the other. The aectiona of the main 
frame and omidenser clearlj eiplain ita form and tbe neceasar; riba to obtain the reqaislte 
•trragth. 

The following are the dimensions of Iheoe engines, whiob are of 300 horee-power, and were built 
for the Bojat Hall Oompan^a icrew steamer LilTey :— Nominal hone-power oolIcetiTe, SOO; 
diameter of higb-preaaiue cylinder, 36 in. ; diameter of low-prosanra cylinder, 72 in. ; length of 
■tlDke, 4 ft. 3 in. ; diaaieter at air and ciranlatiog pnmpa, 30 in, ; diameter of feed and bilee pumps. 
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Sin.; number of tnbee in each oondenaer, 2064; length of inbes in eaoh oondenaer, 7ft 6 in.; 
oondensing snrfsoe in each condenser, 3040 ; diameter of propeller, 15 ft ; number of blades in 
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CONOCMER AND MAIN rRAMt 



each propeller, 4; pitch of propeller, 19 ft. uniform; number of, boilers, 4; diameter of boilers, 
oval, 14 it. 3} In. high x 10 ft. 2^ in. wide ; length of boilers, 8 ft. 5 in. ; total numl>er of tubes in 
all boilers, 864 ; total heating surface in all boilers, 5005 bq. ft. ; total number of furDaces, 12 ; area 
of total number of furnaces, 186*7 sq. ft. ;.size of funnel, 6 ft. diameter ; load on safety-yalve, 60 lbs. 
the square inch ; pressure in boilers on at full trial power, 60 lbs. ; vacuum in conaenser on trial 
at full power, 26 m. ; average revolutions a minute on trial at full power, 71 ; average indicated 
horse-power, both engines, high-pressure cylinder 754, low-pressure cylinder 806 — ^total, 1560. 

Tablb L — ^Ayebage Gohsumftiox or Ck)AL, to each Indicated Hobsd-poweb ah Hocb, bt Steam Bhipb 

WTTB GOMFOUND EKGHnGB IN LONO 6eA VoTAGBB. 

GLmb a Gompound bliigines with ouo High and one Low pr.«.-.ure vertioal Cylinder, working two cnoks at ri|^t an^^ea. 
,, B M ft ^^o •• ^^^ N iQcLined (^linden, ^ two . oppodte each ol 

. C „ H two „ two „ verttoal 
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8CBEW ENGINEa 



l^blM I^ II., and III., giving tuIohb putionlui raUting to oompaimil mfpata, ta Unn fMm 

a most intereatingMper read by Fredk. J Bmnwell, betwo the uirt ■"--' — ' — ' "--' — 

1S72. In Tkblo III., ander colamo "Circulating Pumpi 



.per read by Fredk. J Bmnwell, betwo the Uirt Hechaaical Euglneetg in 
— ler colamo "Circulating Pumpi" Diameter— b denotes iingle pomp, d, 
HiDgla aatjng, J), double 'actLDg., ~ 
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Steam-Lamck Screvi Engines. — Stenni iMUcbea we u«ed in F^<^ ^ ^he twelve or iteteso owed 
bcnta that wero formerly employed oa tenders to men-ot-wnr. The rov-bonta were propelled at the 
isle of abont 7 milea an hoar, but the steam launch tuns 12 milea an hour with cue The boilen 
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•80T. 
MmjaLo' blow throunfu 



used with steam launoliefl are usually of the locomotive class, and the engines vertical, either seemed 
to the shell at the fire-box end or to the smoke-box. N. P. Burgh having to design launch ftpginee 
for Maltese seryice, has ignored the usual arrangements, and placed 
the engines at an angle under the smoke-box, thus making the 
support for that box the securing plate for the engines. The illus- 
trations, Figs. 6799 t() 6809, show a side elevation of Burgh's 
engines, sections and complete views. The arrangement consists 
of four cylinders, each pair being in one casting, and secured to 
the hox support plate, as in plan Fig. 6804. Fig. 6805 is the end 
elevation, and Fig. 6806 shows sections through one cylinder, and 
also through the slipper guide bracket. Fig. 6807 is a skeleton 
arrangement of the lever-gear for the blow-through cocks, show- 
ing that one hand manipulates the entire set One of the im- 
provements. Burgh introduced was placing the supply steam pipes 
inside the boiler, and forming the steam-cocks with double branches 
for that purpose, as shown in section and complete views by Figs. 
^808, 6810 ; after the pipes passed through the boiler they were 
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curved down on each side of the flame-tubes in the smoke-box, Fig. 6809. To make this arrange- 
ment Ailly understood we have illustrated its application in a launch, as shown in four views, 
Figs. 6799 to 6802. 

See Marine Enoinb. Stationary Engine. 

SCREW-MAKING MACHINE. 

Figs. 681 1 to 6815 refer to a machine for turning and nicking the heads of joiners' and other 
wood screws. The machine has been brought to its present form through a ntunber of ingenious 
oombinatlons, but the most important feature about it, the feeding arrangement, and the method of 
driving and stopping the Bpindlo, is the invention of Wm. Avery. 

Fig. 6811 is a front elevation; Fis. 6812, back elevation; Fi^. 6813, plan with the V trough 
for holding the hopper or rough screw-blanks, drawn in dotted outline only, to show the mechanism 
below more clearly. Figs. 6814, 6815, end elevations. 

The screw-blanks are formed from wire of the size required for tbe body of the screws, in a 
heading machine, into which the wire is fed bv an intermittent motion through a die. The wire is 
then out off to the required length, and the snort length held in the die has a head formed on it 
by the wire being pressed into a conical recess in the die by a plunger ; or if a rose head is to be 
formed, the recede of corresponding shape is fornied in the plunger. The blanks thus produced have 
burrs and irregularities on the heads, which it is one of tne objects of the machine illustrated to 
remove by a turning process. The formatiou of the nick across the head for the screw-driver ia also 
effected in the same mtiohine. 

The screw-blanks are taken from the heading machine, and after annealing, when that is nercs- 
sarv, are thrown loosely into the hopper or trough a. The machine being set in motion, a fork or 
pioker-up h is caused by the f^rame c, operated by the cams d, f, to vibrate forwsjrd and dip its 
points down into the irregular mass of screw-blanks in the hopper, tilting up as it goes back, as in 
Figs. 6811, 6812, oertain of tiie screw-blanks being caught with their stems between the blades of 
the fork and susnended by their heads. The fork b is then brought back so that its hinder part 
comes in line with a pair of curved cheeks /, forming a kind of railway down whidi the blanks tdido 
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from the fork, toh, it will be seen, U thus the feeding instrument It is arranged to act onoe only 
for every two or three screw-blanks tnmed and nicked, as it generally pidm np several blanks at 
each movement. As the blanks are sliding down the curved railway /, the lowermost blank drops 
in a horizontal position betw^n the jaws of a pair of yielding nippers g, and is there held until 
required. It is then seized by another pair of nippers h and moved downwards, still being held 



68X1. 




6812. 




horizontally, out of the grip of the first-named nippers ^, and brought opposite to the end of a 
revolving spindl& t, fumi^ed i»ith holding-jaws or chuckB k. The spindle t being stopped for an 
instant, and the jaws having been opened to liberate tite blank last finished, the plain end of the 
new blank is thrust by a finger / into the jaws, which then close, the nippera A retire, and 
ike spindle and blank are set revolving ; a back-stay is brought up to suppcvt and steady the Uaok 
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BDd cotter m. Thla oatter is fixed into the oarillatlDK tool-Teat n, and ii shaped to suit the head to 
be toTlieiL It is applied gndnejij, and the heed laughl; turned, aClei whion the oatter nt is nith- 



dntwn, the spindle i, with its paitlj-taraed blank, sloppc4i and a brake applied to prevent thai 
revolving, while the revolving saw d is brought forward hj the leven p. q. r, and caniB s, f, uid cnia 
the tdek in tlie head of the blank. Whtn this is itone, the iaw retreate, the spindle and bUnk 
revolve again, the cutter m is bronght up a Sfonnd tinio, bul with a slower feeil, and the burn 
left by the nicking saw are romovixl. und the bcoil gpnernlly smoothed and flni^od, the spindle i 
stopa again, tlie jaws or chucks open, and at t)iBt iUBtnot a pair o( discharging flngera u on an 
oecillating arm o are moved forward to seize the fioishal blank ; sidewise, to rcnmve it from the 
eliuck, and baokwardi into the position shown. When the tail-piece of the fingers oomes against 
a st(^ w on the erame they are opened, and the completed bknk drops down the shoot > into a 
receiving veeael beneath. 

The whole of the motions nbove described are sctr-acting. si> that after the rough blanks are 
thrown looeel; into the hopper or trough a, Diry are not touched by the operative nntil they are 
removed lo the worming mafhinp, where the tliread is cut. 

In the woimins machine, eiiuilat niGans aro adopted to feed tlie blanks into Uw inaohine, and to 
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insert them into the ohnok of the spindle, the only differenoe being snch as iB incidental to the 
intioduotion of the head of the blank into the chnok instead of the end. The thread is cut by 
a single V cutter, to which the requisite traversing motion ia given by means of a mandrel screw 
and comb. 

An ingenious plan has been adopted in these machines to save labour, and consumption of steel 
in the cutters. The plan has been to turn a ring of tool steel of just such a section on the outer 
edge that it will fit the finished head of the screw, aa shown in Fig. 6818. This ring of steel is then 
cut into two or more pieoes, and each piece forma a cutter of considerable length, which turns both 
the top cmd under side of the head, and only requires grinding to the proper angle to keep it in 
working order until worn too short to use. 

See Tis-UAEJUQ Maohike. 

SCBEWING MAGHINK Fb., Machine a tarauder; Oeb., Schraubenmatchme ; Ital., Maookkia 
da viU ; Span., Mdquina para haoer tomiUos. 

See Maohink Tools. 

SCBEW-JAOK. Fb., CWe a om; Obb^ HebeschraiSbe ; Ital., Oriooo a viU; Spak., Goto, 

See Hand-Toou. 

SEAT. Fb., Sifge; Gbb., Sitz; Ital., 8ede; Span., AsiaUo. 

In machinery, a seat is that part upon which another part rests ; as a valve-seat 

SEA WALU Fb., Mw h la Mer; Gbb., See Wall; Ital., Muraxzo; Span.. MuraOas de mar. 

Sea walls occupy an intermediate position between reservoir walls and breakwaters. They 
resemble the former in being required to vrithstand the pressure of still water, and the latter in 
being exposed to the action of waves. Thus they partake of the nature of both of these structures, 
and their construction must consequently be in accordance with the conditions which these have 
respectively to fulfill The considerations respecting those conditions, and the calculations necessary 
to duly provide for them, having been alrea<^ treated at length, we have only to point out briefly 
thoir application to the present case, and to describe certain features which are peculiar to it 
Frequently, sea walls are erected to protect the land fh>m the encroachments of the sea. In such 
a case, the stracture partakes of the Siaracter of a retainiuR wall, and must h& constructed aoconl- 
ingly. But in any case, whether the conditions to which the wall is subject approach more nearly 
to those of a retaining waU or a reservoir wall, its face is exposed to the action of waves, and it 
becomes, therefore, important to consider the nature and the effects of this action. 

Bankine, who connnued the investigations of Scott Bussell, states that when waves roll straight 
against a vertical wall, as in Fig. 6816, they are reflected, and the particles of water for a certain 
distance in front of the wall have motions conipounded of those ^^^ -• 

due to the direct and to the reflected waves. The results are of 
the following kind ; — The particles in contact with the wall, as 
at A, move up and down through a height equal to double the 
original height of the waves, and so also do those at half a wave 
lei^;th from the vrall« as at C ; the particles at a quarter a wave C 

len^ from the wall, as at B, move backwards and forwards 
horizontally, and intermediate partiolee oscillate in lines inclined 
ttt various angles. 

It is nut essential that the &oe of the wall should be vertical, as in the figure, in order to rt-flect 
the waves ; it will reflect theiii when the batter is considemble. AoccArding to Boott Bussell, it 
will do so even with a batter of 45°. 

Thus it will be seen that the action of a wave is to lift the stones in the fiuse of the wall against 
which it breaks, and this fact must be borne in mind in designing the waU. For the same reason, 
the cope should not project beyond the face, as in such a case it would offer a surface to the orest of 
the wave. It should allbo consist of large stones sufficient to resist by their own weight the pressure 
due to the greatest height of a wave above its bed ; they should idso be doweUed to each other. 
Whenever possible, the cope should be raised above the crest of the highest wave when augmented 
in height bv reflection. It has been ascertained that the most powerral action of waves occurs at 
* half-tide when the shoreward current is strong. The largest blodks in the face of the wall should 
therefore be placed at that level. The fall of the wave when reflected fix>m the face of the wall 
causes a very severe undermining action at the foot. This action may be resisted by a flat stone 
pitching having no bond with the wall, or by a bed of concrete 2 ft. broad by 1 ft. thick, Joining 
the wall A series of groins will also do ^;ood service in protecting the foot of the walL In some 
oases the undermining action has been diminished by forming the face of the wall into steps, so 
as to break the descent of the water. Tlus mode of forming the fiice is, however, very objectionable, 
and should never be resorted to. 

When the wall is of stone, the face should be composed of hammer-dressed ashlar, or block-in* 
course. In masonry exposed to violent blows from waves, the stones forming the face have a ten- 
dency to jump out. This is partly occasioned by infiltrations of water through the joints, which 
water, bemg compressed by tne blow, exerts a pressure tending to force the stone outwards. To 
counteract Uiis tendencv, when the action of the waves is very severe, the stones of the face may be 
dovetailed into each otner and tabled with the next course. This constitutes the most effective 
remedy, but it requires to be executed with great care, and it entails a large additional expense. 
Instead of the dovetailing and tabling, iron cramps may be used ; these have been found to be 
sufficient in many exposed situations. The stones m the fece of the Plymouth breakwater are pro- 
tected bv this meana To prevent the infiltration of the water, the outer edges of the joints should 
be laid m cement Pointing is insufficient, as the shock of the waves will in a short time cause the 
cement to jump out The backing may be of coursed rubble, built in strong hydraulic mortar. 
Sometimes strong concrete is usea as a backing, and in many respects it is superior to rubble 
masonry for this purpose. As the pressure is concentrated towards the back of the wall at high water, 
an inieiior kind of masonry is not suitable to that position ; but a great objecti0n to the employment 
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of two olnmofl of maaonry or two kinds of material in any reservoir or sea wall is the inequality in 
settling down. This inequality weakens, or in the wont oases destroys altogether, the ooheeion of 
the backing with the face of the wall. All stroctnres of this nature should be homogeneous, and as 
fiir as practicable monolithic. For this reason, sea waUs have frequently been constructed wholly 
of blocks of concrete, and when the concrete has been properly proportioned and prepared, such 
walls are superior, in resisting qualities, to those constructed of rubble faced with blo^-m-oourse or 
ashlar. But better than either, wherever the conditions are suitable, inasmuch as it fulfils per- 
fectly the two conditions of liomogeneity and monolithicity, is the employment of concrete in muss 
for the whole of the wall. Concrete used for this purpose should be strong, and for a depth of 
about 6 in. from the face should be composed of fine graveL This gives the face a oetter 
appearance, and enables it to withstand better the corroding action of the waves. In some exposed 
situations, it may even be desirable to slightly increase the proportion of cement in this fisKjing. 
Where shingle or gravel is re«Mlily obtainable, walls may be constructed in this way at half the cost 
of masonry. 

When a sea wall ia required to stand alone, that is, when there is no earthen embankment 
behind it, it must be proportioned like a reservoir wall, the conditions being similar. But in the 
case of the sea wall, we have an additional force to take into account, namely, that of the waves, and 
additional strength must therefore be given to the sea wall to render its stability equal to that of 
the reservoir wall established under similar conditions. It is diflioult to estimate the force with 
which a wave strikes against a vertical surface, but it is in all cases 
great. As it is ddivered in the form of a blow, it takes effect in 
tiie most violent manner possible, and to render the wall capable 
of withstanding the shock with perfect security, the proportions of 
the reservoir wall will have to be considerably augmented. It is 
usual, in the latter case, to make the thickness of the wall *7 A, 
*5 A, and '3 A at the bottom, middle, and top respectively ; A being 
the height of the wall. In a sea wall, the conditions vary so much 
that it is impossible to lay down anything like an absolute rule ; 
but for exposed situations where a good foundation may be obtained, 
the following may be relied upon as giving a minimum expenditure 
of material with ample secunty. Let A be the depth of still water 
In firont of the wall at high water of spring tides, and A' equal to 
1 *5 A. Then the thickness of the wall may be A, -75 A, and -45 A 
at the bottom, at half the height A', and at the height A' respec- 
tively. The portion of the waU above this height, if any, should 
be carried up with the same batter. Fig. 6817 represents the cross- 
section of a wall proportioned by this rule. 

In unexposed situations, where the violence of the waves is not 
great, or when bcusked with earth, and especially when the wall is a monolithic concrete structure, 
the proportions *7 A, *5 A| and *3 A, taken at the heights above indicated, will be sufficient. 

A fall investigation of the pressures to which this kind of wall is subjected, and a description 
of the manner of its construction, wiU be found in the articles Damming and Retaining Walls. 

SEWING MACHINE. Fb., Machine a coudiv; Geb., Nahmaachine; Ital., Macchma da cucire; 
Span., Mdquina de ooaer. 

See Bo(yi^MAKiiTO l^A fimw intT ' n 496 

SHAPING MACHINE. fL, Machine a limer ; Geb., FeUmaschme; Ital., PiaUetta; Span., 
MdmUna de tailor, 

BeeMAoaiNE Tools. 

SIGNALS. Fb., Signaux des chemim de fer ; Geb., EisevhdhnsignaU. 

BaUway Signals, — ^In considering the means to be employed for directing and ensuring the safety 
of the traffic upon railways, it became evident that among other things some plan sbonld bo devised 
ifor giving instructions and information to drivers and guards of trains as to the state of the road in 
advance of them, or of the nearness of a preceding train, so that the speed and progress might be 
Judiciously regulated ; the plan ultimately adopted as most suitable was that of the mecmmical 
contrivance known as signals. 

Signals ohieflv consist of variously shaped boards, painted a bright red colour on one side to indi- 
cate dBoiger, and in some cases green on the 

other to indicate caution; these boards are "^- •*"• •®^®- 

fastened to a pole or mast attached to a post in 
■Qch a manner as to admit of their being turned 
round, raised and lowered, or otherwise altered 
in position so that in addition to representa- 
tions by colours certain movements are made. 

In most cases the engineers or the traffic 
managers arranged their pjarticular system of 
signals, fixed or portable, without consideration 
of those used on otlier lines, and the natural 
result is that the forms and svstems in use are 
oonsiderably diversified ,- the first railways had 
signals placed only at the principal stations 
«nd junctions, the mtermediate portions of line 
were regulated by policemen who had certain 
"beats assigned to them, and who gave manual 
sisals to the drivers as necessity demanded; danger was indicated by facing the approaching 
train and elevating both hands above the head, Fig. 6818 ; the go slow or caution signal was given 
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by one hand similarly held, Fig. 6819, and all right or line dear by extending the right hand from 
the body horizontally, Fig. 6820. Bed, green, or blue, and white flags were lued In many instuices 
in conjunction with and also instead of the manual signals ; gradually station or home fixed signals 
were introduced throughout each railway, then distant or auxiliary signals worked by wires having 
their levers concentrated at one locality, frequently in a cabin or signal box, for facilitating operation 
by the men in charge ; this latter method has now to a great extent given place to a system of 
interlocking the mechanism for moving the points and signals, and especially at junctions and large 
stations ; these inventions for locking prevent the possibility of an all-right signal being given 
when the road governed by that signal is fouled in consequence of a train Ming wholly upon it, or 
through its being intersected by a train passing from another road. 
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The most general form of signal is that of the semaphore ; it is an imitation of the old 
telegraphy systems, the first of which appears to have been invented by a Dr Hooke in 1684, 
Fig. 6821, and revised by a Bev. Mr. Gamble in 1795; it was then styled the radiated telegraph. 
Fig 6822; ftirther improvements were made in 1804, and in 1810 by Pasley, by Rear- Admiral 
Popham in 1816, Fig. 6823, and by Pasley or lAacdonald in 1822, when the system was termed the 
Universal Telegraph, Fig. 6824 ; it was similar in detail to the French coast semaphore in use 
in 1803. 

The semaphore signals as nsed on the railwavs are oonstracted with arms upon both sides of a 
mast fixed upon a centre pin free to move up and down ; those on the left-hand side, as seen when 
facing the signal, axe as a rule to goyem the left roads, and there are as manv arms as roads or 
descriptions of trains to be regulated, Figs. 6825, 6826. It has been found desirable to farther dis- 
tinguish the arms by numbers or letters painted upon them, or by affixing pieces of ahttped iron or 
board, oorresponding with the understood number or letter of the several roads, Figs. 6827, 6828. 
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On the Hnll and HoldemeBB line the anna were moved npon a pin placed in the centre of ita 
length, Figs. 6829, 6830, and a similar method is adopted in sitnations where there is little room or 
where masts cannot be erected, as npon the London nndezgronnd railways, Figs. 6831 to 6833, and 
Victoria Station, London, Chatham, and Dover Railway, l^gs. 6834, 6885. 
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The fixed signals fbrmeily In nse on the Qreat Western were red and green flags stretched upon 
semicircnlar hoops attached to a mast, and drawn open and dose by means of cords and pulleys, 
Fig. 6836 : these were abandoned for the cross-bar and disc painted red, Fign. 6^7, 6^, and 
fantail painted red on one side and green on the otiber. Figs. 6^^, 6840. The down line cross-bar 
is distinguished from the up line by having two downward ears affixed to the ends of the bar. 
Junction signals have double discs and cross-bars, Figs. 6841, 6842. The fantail signal is con« 
siderably lower than the cross-bar, and is prindnally lued for giving the caution, Fig. 6840 ; the 
danger is shown by Fig. 6839. The cross-bar ana disc form has oeen proved to be the most clearly 
discernible at a great cSstanoe. 

The Lancai^ire and Yorkshire Railway has spectacle discs fixed to masts which turn round. 
Figs. 6843, 6844 ; similar discs for distant signals are used on the Brighton line, but instead of turn- 
ing round they are made to rise and fall by a balance weight on a short lever, Figa 6845 to 6847. 
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The distant signalB of the Midland BaUway oonsist of a reetangnlar board painted red and 
affixed to a tuniiDg post, Figs. 6848, 6849. 

Giroular and square discs are used on the Korth-Eastem Bailwaj, Figs. 6850 to 6853. 

The original signals of the South- 
western were semi-disos placed on a 6854. 685& 686e. essr. 
pin within a ring, Fig. 6854, and 
capable of revolving by means of ropes 
and pulleys ; those for the station and 
distant Imye the diso fixed to the 
ring, Figs. 6855, 6856, the mast being 
turned round. Branch-line signals 
have a wide green ring fixed round 
a lamp below the ordinary disc, 
Fig. 6857. 

The forms of speoiid signals are 
as various as the general ones ; the 
following exhibit a few examples ; — 
Fig. 6858 is a- semaphore on the 
South London line Figs. 6859, 6860, 
aroused at the Broad-street station 
for starting trains ; Figs. 6861, 6862, 
at the Camden goods shed, Ohalk 
Farm; Fig. 6863, a signal on the 
Blaokwall line ; Figs. 6864, 6865, on 
the Brighton and South Coast. 

Foot signals and lights attached 
to points to indicate their position 
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are extensively nsed and varionshr 
constructed, principally with smaU 
discs affixed to the top of the lamp, 
and which turn with the throw of the 
points. Figs. 6866 to 6868. 

Several lines have adopted a plat- 
form starting signal, in most cases 
oonsisting of a miniature semaphore, 
worked from the cabins, and fre- 
quentlv in connection with a main 
signal beyond and outside the station. 
Where these are in use manual sig- 
nals are nrohibited, and no driver 
may start nis train until the arm is 
lowered. 

Many branch-line and other jnno- 
tions have the points attached to 
an indicator, the invention of John 
Stevens, in 1862, Figs. 6869 to 6871, 
when they are not interlocked with 
the main signals, so that the drivers 
may see at some distance whether or not they are properly set. The points must be quite close to 
the rail to admit of the green or white light being seen. If the white light shows, the line is right 
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RIOHT POA 
MAIN LINK 
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for the main line ; if the green, it is dear for the branoh ; and if the red, the points are not in 
a poBition for either line. 

Among the early attempts in signal oon- esA. esTO. esn. 

stmotioni three may be noted as possessing 
some novelty. In 1838 a diso signal was 
in use at the Vanxhall Bridge. Birminghamt 
the invention of a Dr. Church ; it was oon- 
neoted to the points and stood about 5 ft 
high ; two discs, 2 ft. in diametcor, were fixed 
on the top at right angles to each other, 
and surmounted by a Tamp showing two 
red lights, one blue and one white; tibe 
discs were painted with colours to corre- 
spond. In 1842 G. Hall introduced a 
system on the Great Eastern line; the 
signal consisted of five leaves placed in the 
shape of a fan on a mast, and ooloured 
vellow, green, red, and white. Figs. 6874 
to 6876; eacn leaf indicated the time a 
train had passed it ; a green post was fixed 



POINTS NOT 
RIOMT rOR 
aiTNCR UNt 





6872. 



esTSL 



68Y4. 



68TS. 



esTo. 







DOWN UNft. ~~ 





l^mtf Hum^ Ihaaro' 



SldeVem¥. 



at the side of the line 100 yd& in advance of the si^pial, beyond which no train was to pass if the 
fan exhibited the red leaf ; a green and white stnped poet was also fixed at a mile beyond the 
signal ; and if the fan showed the seven or nine minute colour when passed, the driver might put 
on moderate or full speed on reaching the striped post These signals were in use several vears. 

On the Greenwicn Railway plain poets were fixed to each road at half a mile on either side 
of the junction, on reaching which the driver opened the engine whistle, and the switchman 
notified by hand-fliags which train was to proceed on to the main une. 

The construction of self-acting, or rather train-actuated signals, has claimed the attention of a 
very large proportion of inventors of signals, but very few systems have been tried, and many 
those were found praotiodly unreliable and therefore useless. 

Whitworth's signals were used on the Brighton line, at some of the tunnels on the Lancashire 
and Yorkshire, Whiston Bank, near Liverpool, and several other situations. In 1858 BaranowsU 
obtained perminion to test his automaton distant signal between Hackney and Kingsland, on the 
North London line. It was set to danger by the passing train pressing down a lever which actuated 
the mechanism of the signal ; and when the train reached a distance of 1100 yds. it pressed down 
another lever, causing the danger signal previously set to be released. Although many hundreds 
of trains successfully worked it, its failure on one occasion is supposed to have caused an accident 
which led to its being removed. 

The Midland Oompany erected an indicator at Kegworth in 1863, Figs. 6875, 6876, showing 
the time a train had passed up to fifteen minutes. It was set in motion by a treadle being 
depressed by a passing train. At the expiration of fifteen minutes the pointer returned to zero. 
This signal was subsequently removed as unreliable. ^ _ , ^, . 

So soon as the few inventions at all trustworthv for locking signals and points had proved their 
advantages over previous systems, they were rapiiily adopted by many of the railway companies. 
It would be impossible in a limited space to explain and illustrate all the devices proposed for 
working these signals; but the following examples, among many equally good, will convey a clear 
idea of the methods introduced and in work. 

^ Fig. 6877 is an example by Stevens, in 1854, for giving the three semaphore indications by one 
wire. A is a weighted lever connected by a rod with the nrm and lamp. The lever is actuated 
Dj one of the levers B or 6^ and the wire 9M chain oonneotion /. The drawing shows the signal m 
its normal state. 

8 V 
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The cantioD aignal is thus produoed. The Icvera B, Sj miut be tnoved to the poaition B' B', 
lifting the lever A to tlie poeitioa A', vUere it will be retained b; the itad fixed to apparfttuB on 
tlie lever A. nhieh is brought into )K»itinu by the stud d on the email lever. When ue all-rigiit 
Bigeal ifl to be given the levers B. 8, muet be atill furtliM moved to the positiona E', 6*, whioh will 
Bimilarlj move lever A to A', with its ahoitor end renting oa the stop B, when the appamtos may 
be returned to its origioRl pusitioD. To give tlie danger aignsil the stud on lever A during tlie 
return movement paaaea over tbe lurfaee c> ou lever c, the lever A being tneonwhile supported 
by ptojection g. 
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The chain or wire ii ottaohed to 
the periphery of the rotchet 1, turn- 
ing fretly on Ita Hxia. B ia a lever. 
acting on the ratchet-wheel, wliich is 
retained in poaitiriii bv the weighted 
lever 3, TbU lever has a pawl 4, 
which takes the t«eth of the nitchot- 
wbeel. so as to retdn it In its posi- 
tion. When palled over by operator, 
6 is a chain oonneoting the lever 
and pawl in order to release tbo 
pawl for the return movement. 

FiF^ 687K to 6SSI illnstrate the 
inventinn of F. Brady, Engineer to 
the Soutli-Eastem Railway. 

Fig. 6880 is en end view of the 
apparatus. Fig. 6879 Is &0Dt ele- 
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two point levers of the 
branch linea ; 6 is a lever whioh 
works bolh the points of the crow- 
over wad ; 1^ e, are levprs connected 
with the several eignals, having the 
name of the signal or point written 
npon them, d' to d" ore horizontal 
spindles, on which the locking axes 

the poaitioQ they ooonpy when the 

tignnl leven c there Are jninted liorizonlal bare 

means of shoes,- in which the short links turn ; tlie links 



the inoTing cranks. They are shown it 



alw*ra pBTBlM to the lever, and ngBiiirt them and tgaiiut the lercra the lockise ues on the bori- 
■ODtal axes act. Id the dnwiug the <ig«al levera aie as atandiog at danger, and oonieqDenU; tba 

Kint leven are all tree. If the trailing point 
rer tB moved from !(> {Jreaeat potitiou to a poai- 
tion to Bult trains oomiag from the branob on 
to the main line, it, bj means of links ooDDeot- 
ing it with tbo arms /en the aiee iP, iP, caoBea 
these axes urtiall^ to ntate, and in so doing 
it ranoTEB tne lockmg asM from the links c* of 
ancb of the braoob signals as majr then be 
lowered, whilst at the laina time it morea other 
looking axea, i^ in flout of the links if of the 
main-line aigiuJ levers, wblab require to be 
held at danger. In a Bimilar way the foeiug 
point lever, when moved over to aoit traine 
entering on the branch line, glvea motion to 
the aiw d>, iP, and by means of the locking 
aies npQD them unlocks sach of the bran(£ 
■igaals sa may require to be lowered whilst it 
looks any of the main-line signals which re- 
quire to M then maintained at danger. The 
point lever b of the cross-over road whon moved 
over eloaee both the points of the enatover 
load, and at the Mme tinie oangua thi axis <f 




partly to rotate, and brings np the looUag axea »•• ^>m 

thereon so as to look all the signal lairers at 

This system is applJoable at juootioni where 
a fn«itflr number of point levers is required, e«oh 
point lever in the manner described being csnsed 
to give motion to a separate axis or aiee, witb look- 
ing axes thereon to look and h«e the signal levers. 

Figs. 6882 to 6892 were introdnoed in )867 by 
Baiby and FannBr. . 

Fr^ 68S2, 6)^63, also illustrate a matbod ol I 
actuating repenting signals when the distHit is too 
far to be visible to the signalmiin. 

The sigiialmBo, worktDg in his box npon the 
distant signal lever, sets a wire In motion, one end 
of which is connected to the apparatos in the box, 
whilst the other la fastened on a oam /, the peri- 
phery of which is shaped to correspond to the duties 
assigned thereto. This cam ooniists of a pulley or 
roller f, upon which bears the obain p, and the 
wheel proper/, on the Bat portion of Uie ciroum- 
fpreneo of the latter b«irs a small roller oonneoted 
with the cranked lever A. Tho wheel / revolves 
freely upnn its axis i, fitted to the side of the post, 
and by tlie partial revolution of the wheel / the 
cranked lever A is acted npon, and one arm of this 
lever acts by a rod npon the semaphore or lompe. 
Elnppnse the cam-wheel to describe a limited arc 
of n circle, the sitmal denotes caution, and the 
chain p may be pulled as soon as tho signal baa 
spoki>n. 

If the lever in the box is closed, and the itgnal 
denotes dnuKer, the weights B cause the cam-wheel 
lo turn, being attached to the oiroumferBnce of tho 
pulley K, which revolves (keely on the axis i, and 

to mnintaiu the distant signals at danger as n normal Jr'r» Mor. Jf/b ttmn 

condition, the pullev * is famisbed with a ring, pro- 
jecting upon its side, upon which bears the axis of the lever A, and by the aotlon of. the weight H 
the danger position of the semaphore is preserved, as tlie lever A can act only if the axis of the 
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By this plan □■ 



« will Mttuto both diilant 



lever h is dUpkoM by the motion of the n 
aod repeater aignala. 

Figi. 6as4 to G687 show a plan for a Tertioal motiou of the looking between points and lignala 

cases where there may be little 
room. In this arrangement the Blides tB>L 

and locks give way to circular stop- 
plates A B'. A B*. one of wbiob U 
rutened to the bottom of the vettioiil 
"luR 11, moved by the pfant lever 
o. 8 : the other upon the hollow 
shaft m, enclosing n, and moved by 
the point lever Ko. S. These two 
point levers describe here areas of 
oircles in a horizontal direction, aa 
will be easily understood, and the 
rode wnrkiog the pointa themselves 
are fltteil to the bottom of the eoUd ot 
hollow shaft respectively. The clr- 
oalar plates A B', A B*, are furnished 
with slot-boles or with notches in the 
edge corresponding to the boles or 
■lots shown in the stc^plates. Figs. 










similar to a horizontal appamtna ; bat In combination with the point levers Nos. S and S 
respective connection with the slop-plates A B', A B'. which they work. 

Figs. 6888 to 6892 iilnstrate a horizontal apparatus, as generally need, for a junction, and also 
when extended in details far a large tenuinns. The following schedule shows the dn^ of eaob 
of the levers ; — 

Lever 1 ootoatea the distant signal of np branch line, 3, 

„ 2 „ „ „ np main line, 1. 

„ 3 „ the points of up lines, 1 , 8. 

„ 4 „ the st&tioD or junction signal of np bmnoh line, 3. 

„ 5 „ „ down main „ „ 1. 



This arrangement is for u 



„ bmnch „ ,1 

the points of down lines 2, 4. 
the distant signnl of down lines 2, 4, 
le levers with three elides one over the other. 



tig. 6889 Ii A TnUaJ Metion mto«s the frame ; the tlidee are nurked A', A*, A', neb of wMoh 
ii oonaeoted with a certain number of main locks. Fig. 6892 Bhoira slide A' iq plan, with hcka and 
ptni. FigB. 6891, £890, aimUatl; show slides A* and A', and the whole of the levers are indicated 
onl; in ngs- 6890, 6892, where the; are numbered in acoordanoe with schedule. In Fig. 6 — 



S" Si Si S' S' St si 

If the lever L is moTed in the direction of the arrow, the forked lever a connected to L is set In 
motion; a again Mtoatee the oianked lever b, one am of which is connected with the forked lever n, 
whilst the oUier bears upon the oonotve snrfiioe of the lever arm o, and csnies the latter to vjbmte 
on its folonmi d, in either direction : the other arm of the lever c be«n b; means of a fork-pieoe 
npoa a pin e, fitted respectively to the top or bottom surface of any one of the elides A. The 
motion of the hand-lever L being thus commnnicated to the straight lover c ; the latter in its tnm 
imptuls a longitudinal motion to the slide a. 

The slidce A are fitted with another series of pins/, fitting Into the fork-shaped heads of the 
locks B, which are thus caused to describe arcs of eiroles In pivoting npon their axes g. Tlie looks 
B are iron stop-platea cat at a right angle, upon one side of wbiob the respective hand-lever bean 
when it gets into a certain positioo, which, it will be readilv nnderstood, takes place apon the lock^ 
partiallj revolving or pivoting tonnd their axes g. The inclined sides or phnes are intended to 
~«ist the other meohauisms, seeing that the band-lever bears upon such an inolined plane if its 
pen podtfon is converted into a dosed one, and thus the shutting of the levers is fooUitated and 



The getMral slleet may be explained thn« ; — 
^ opening lever No. 1, then No. 8 Is looked in its open and 8 flsed in Its normal poaitian, 
n n % n No. 3 is locked in its normal position. 

H „ 8, „ Nob. 2, 5. and 6, are lacked in their normal poeitiona, and 1 and 4 

unlocked. 
„ „ 4, „ No. 3 ia locked in its open and S in its normal position. 

„ „ 5, „ No. 3 is locked. 

„ „ ^ „ No. 3 is locked and 8 in its open position. 

. „ 7, K No. 8 is looked. 

„ H 8, „ Nos. 1, 1, and 7, are locked, and 6 un|->cked. 

Bignal lever Na 9 not being connected with the points is omitted in this schedule. 
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Fig. 6S9S, 6894, ihow a plan introduoed by B. G. Boper in 1669. The advuitagea of tljis sjetem 
&ie, ttiat tbe locking ii acoompliahed withont bujt tuoriiiK baits, oranka, or sarewa, the long bora od 
the point leteia whioh effect the lookiag ara in ught, and tbe openitoi c»n see vhioh leverit can be 
mmtd and which oannot. 





^A bat ii moQnted on the point levers extending between the aignal levera, dividing them into 
aeta, and aa reepeota each point lever in motion either way separating the signal levers, which most 
Meoede the point levers in tbelr movements from the others. The levers are all arranged in a 
bame in the nsool way : one side o( the &ame is termed permission foi main lioe^ and Ine other 
permisaion for bianch line. 

On each point lever Is fixed a bar, the bar on one set beinit lower or higher than that on the 
other, extending as above deterlbed, and so oonpled with the ei|n>al levers that if there be arranged 
on that side of the frame oalted Mnnission for branch line all those signnl lovers belonging to tbe 
main line, and on the opposite aide of tbe frame those signal levers which belong to the branch line, 
all the dgnaU wHl be then at danger. 

Tbo bars on the point levais extend oror the point leven in snob a manner, that on dther point 
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being brought over to one ride of the frame, the bar upon it rests against those signal levers which 
ought to be looked by it when in this position, and the signal levers which are ranged on the other 
side of the frikine are no longer locked by this lever. 

The side of the frame which gives permission to the main line gives danger to the branch, and 
the reverse; but in no case can the signal levers be moved before the point levers. 
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A system invented by Wm. Baincs, Figs. G895 to 6897, in iu use at the somewhat complicated 
junction at Lindal Cote, it having a cross-over road running into both up and down main lines, two 
branch lines, M, N, on one side, and three lines, P, Q, R, on the other. There are catch-points at 
8 on the up side, which have to be kept closed for the crotis^ver road and open for the catch-siding 
T, so tint the main lines mny not be fouled bv traflSc on the M and N lines ; these catch-points can 
ooIt be opened for the cross-over road when the signals have been set to danger for the main lines 
and tiie branch lines on the opposite side; consequently nine points and seven signals have to 
mutually interlock with the one set of points at S. Fig. 6895 is a plan of the junction ; Fig. 6896 
shows the elevation of the lever-frame for eighteen levers ; Figs. 6897 to 6899 represent the rocking 
shafts G and main shafts F in various positions during the pull over. The levers are all centred 
on the shaft F, and above this is the shaft Q, which passes through a quadrnnt arc in the foot of 
each lever A, thus allowing the required range of motion. On the shaft O are loosely slipped a 
number of short tubes or rookers J ; these have cams upon them, which act against projecting 
tappets fixed one upon the bottom of each locking bar, ana when the cam is held up under one of 
these tappets it prevents the bar from being pushed down, in which case the detent of that lever 
cannot be raised out of the quadrant notch. The practical result of this arrangement is, that before 
the lever has been moved ^ in. in the quadrant the locking of the second lever is perfectly efiected ; 
the pressure upon the several parts is vory small, and they do not require oiling. 

The existing arrangements for working the tra£9o on the London Metropolitan Railway and 
at the Victoria and Gannon Street stations are good examples of the application of locking gear to 
signals and points, and the facilities for ssfcty afforded thereby have been recognized by the 
English Board of Trade, and strong recommendations are embodied in the regulations issued by 
that department that all railway oompanies should adopt such means for the prevention of 
accidents. 

SILVER. Fb., Argent ; Geb., Siiber ; Ital., Argento ; Spaw., Plata, 

Silver is a white metal of remarkable brilliancy. It occupies the second rank for malleability, 
being next to gold in this respect. Its ductility and tenacity are also very great. One graii^ of the metal 
is capable of yielding 400 ft of wire, and a wire with a diameter of <^ in. will support a weight 
of about 188 lbs. Atomic weight = 108. Molecular weight = 216. Specific gravity = 10*53. 
Silver fuses at a temperature of about 1873^ Fahr., and if allowed to cool slowly, it crystallizes in 
voluminous octahedrons. When in a state of fusion, it absorbs a considerable Quantity of oxygen, 
which it expels in the act of solidification, with a peculiar sound technically known as spitting. 
It may be distilled by means of the oxy-hydrogen blow-pipe, and its vapours assume a green colour. 
The absorption of oxygen by silver in a state of fusion must be regarded as a simple scSution of the 
oxygen in the liquid metal, and not as a combination. When allied with a small quantity of gold 
or copper it loses thiar property. 

Silver is frequently met with in a native state, but not in sufficient quantities to satisfy the 
demand for it. The. metal, as obtained for use, is chiefly extracted from its sulphide. The 
metallurgical operations necessary for this extraction are somewhat complicated; out they are 
based upon the fact that both lead and mercury have a strong affinity for silver. The sulphide 
of silver is converted into a double chloride of silver and sodium, which is then acted upon by 
mercury. The mercury then passes into the state of a chloride and liberates the silver, with which 
it forms an amalgam. From this amalgam the silver is extracted by evaporation. A more recent 
process depends upon the solubility of chloride of silver in a hot solution of common salt and ita 
separation again on cooling. 
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In fhe first of these procesBes, which is known as the American method, amalgamation and 
reduction are carried on Bimnltaneously. and the whole of the operation is performed without the 
application of heat. In the second process, which is practised at Freiherg in Saxony^ amalgamation 
and reduction are two separate and distinct operations, and the ohloridation is effected by means 

of heat. 

Silver is naturally soft, but it becomes harder when allied with copper. It is for this reason 
that it is usually combined with small quantities of the latter metal in order to render it more 
capable of being conveniently worked. It is not affected bv exposure to the air at any temperature, 
but it is rapidly oxidized by ozonized oxygen. Hydrosulphuric acid blackens silver by producing 
sulphide of silver and hydrogen. 

^^^ - i}« = 1} + His 
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acid. of ^ver. 
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Sulphuric acid attacks silver onlv when concentrated and at boiling heat; in this case sal- 
phurous anhydride and sulphate of silver are produced. 
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Sulphuric addl Silver. Sulphate Water. ' Sulphnroos 

of aiiTer. anhydride. 

Nitric acids attack silver cold, but more especially when heated, producing nitrate of silver and 
binoxide of nitrogen. 
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BInoxide 
of nitrogen. 

Wlien at a red heat, silver decomposes hydrochloric acid, forming chloride of" silver and 
liberating hydrogen. 

if} * KS})' = i} * His]) 

Silver. Hydrochloric Hydrogen. Chloride 

add. of silver. 

A prolonged contact of silver with a solution of chloride of sodium gives rise to the formation of 
a certain quantity of double chloride of silver and sodium, which dissolves, and the liquor becomes 
alkaline. 

Silver forms with each of the monatomio metalloids a single compound. There are known a 
chloride, a bromide, an iodide, and a fluoride of silver. 

Chloride of Silver, q¥\ . — Chloride of silver exists in a native state crystallized in octahedra. 

As it is insoluble, it may be readily obtained by precipitating the solution of a salt of silver by 
hydrocMorio acid, or by a soluble cmoride. 

Kltrato Hydrochloric Chloride Nitric add. 

of diver. add. of silver. , 

The chloride of silver forms in this case a white flocculent mass. Chloride of silver is abso- 
lutely insoluble in pure water. At a temperature of 50° Fahr. salt water dissolves a quantity equal 
to -n^ of the weight of the salt which it contains; at 64% ^^AiW *' ^^ ^^^y TifS^i &nd at 32°, 
hartily any. Chloride of silver dissolves readily in hjrposulphite of soda, cyanide of potassium, and 
ammonia ; hydrochloric acid also dissolves it, but only in very small (quantities. By evaporation 
from its ammoniaoal or hydrochloric solution, chloride of silver crystallizes in octahedra identical 
with the natural crystals. The chemical rays of the spectrum exert a strong action upon this 
chloride. When exposed to the direct rays of the sun, it immediately becomes violet; in a diffuse 
light, tlie colouration manifests itself more slowly. When exposed to a red or a yellow light, which 
does not contain anv chemical rays, it retains its white colour. At a temperature of 500°, chloride of 
silver fuses ; on cooling it assumes the appearance of horn, and is sufficiently soft to be capable of 
being cut with a knife. In this state it is known as horn silver. At a verv high temperature it 
gives off vapours. Nascent hydrogen reduces chloride of silver cold, and n-ee hydrogen reduces 
it with the application of heat. In the latter case, however, traces of chloride always escape the 
reducing action ; this fact, which has been clearly proved by Lieben, renders all analytical pro- 
cesses founded upon this reduction incorrect When not in a state of fusion it is reduced by iron 
and by zinc If a little moist chloride of silver be put together in a heap, and an iron rod placed 
in the centre, reduction is effected slowly from the centre outward& Mercury reduces chloride of 
silver, as does also the protochloride of copper. 
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When chloride of silver is boiled in a concentrated solution of potassa, oxide of silver is formed-, 
and if gugar has been added to the solution, silver is obtained in an extremely pure state. Heated 
to a white heat, with carbonate of potassa and marine salt, it is reduced and gives a button of 
metallic silver. The marine salt renders the scoria more easily detachable. 
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Chloride GarbonAte Gubooio Oxygen* Silver. Chlorld 

<tf silver. ofpotaiBA. anhydride. ofpotoMianL 

The metallic solphideB, espeoially thoee of the electro-positlTe metals, give the double decom- 
pofiition with chloriae of eilYer. - 

Bromide of Silver, ^ >. — ^Biomide of silver is found in a native state, and may be obtained by 

the eame processes as the chloride, nearly all the properties of which it possesses. It is distin- 
gaished firom the chloride by a less degree of solubility in anmionia, and by the action which light 
exerts upon it ; for when prepared by artificial light it is white, but if exposed to the diffuse light 
of day, it instantly becomes of a jellow hue, and it keeps this tint without alteration, whatever be 
the iutensity of the light to which it may afterwards be exposed. Bromide of silver is found in 
Mexico, where it is known as Plata verte, or green silver, in toe form of small crystals or crystalline 
granuloB of a pale olive-green tint. 

Iodide of Silver^ '^|.— Iodide of silver is prepared in the same way as the chloride and bromide, 

and like the latter compounds, it exists in a native state. It is hardly soluble in ammonia ; light 
affects it very readily, causing it to change from the yellowish tint which is its natural colour, 
to bister, and then to black. Iodide of silver occurs native in several Mexican mines in the form 
of thin, pearly, flexible scales. 

Silver forms several compounds with the diatomic metalloids. With sulphur it forms a sulphide 
corresponding to the formula Ag, S. With oxygen, it gives three compounds, the suboxide Ag^ O, 
the protoxide Ag, O, and the binoxide Ag,0,. Of these three oxides, the protoxide alone 
possesses any interest. 

silver occurs native, sometimes crystallized In cubes, and 



SuljMk of Silver, ^|\ 8.— Sulphide of sUv 
ometimes in masses. This is the principal o] 



sometimes in masses. This is the principal ore of silver. It may be obtained artificially by preci- 
pitating a salt of silver by hydrosulphunc acid. 

Ditnite or diver. Hydroealphuric Nitric add. Balphideaf 

add. iuver. 

Sulphide 6f silver is naturally black ; but when it has been ftised or raised to a high tempera- 
ture, it assumes a metallic appearance. Native sulphide always has this appearance, and hence it 
has received from mineralogists the name of silver glance. Its specific gravity is 7 '2. When 
subjected to roasting, sulphide of silver loses sulphurous anhydride and leaves metallic silver. If 
roasted with marine salt, it is converted into chloride ; it is also converted into the latter substance 
if allowed to remain a long time in contact with bichloride of copper. 

Protoxide of Silver, j^\ 0.— This oxide is obtained in the form of a brown and heavy powder by 

precipitating a salt of silver by hydrate of soda or potassa. In this case, a hydrate u}^ should 
be produced ; but as this hydrate is not stable, protoxide results. 

^ra^) + =^(1}^) = ^fl'}« + i|)« + i}e 

Nitrate of sUver. Hydrate of Nitrate of Fro(bxideof Water. 

potaiia. potaaaa. ailver. 

Oxide of silver readily decomposes into oxvgen and metallic silver when heated. It is a 

Sowerful basic anhydride, dissolving in the acids, and forming normal salts with them. Water 
issolves it in the proportion of W^, sufficient to decompose the soluble haloid salts and the phos- 
phates. By digesting oxide of silver with ammonia an explosive compound is obtained, known as 
fulminating silver, the formula of which has not yet been determinea with certainty. Some con- 

Agl 
sider it to be a substance conesponding to the formula H > N, while others believe it to be a 

^' 

Ag 

triorgentic nitride Ag} K. 

Ag| 

Nitrate of Silver, ^^«| O.^Nitrate of silver is prepared by dissolving silver in boilfaig nitric 

acid. If the silver emptoyed be pure, the nitrate will be pure also ; but if the silver contain copper 
the nitrate will be a mixture of nitrate of silver and nitrate of copper. The best process of purifi- 
cation in this case consists in evaporating till dry, and then fusing the residue, and keeping it in a 
state of fusion for some time. The nitrate of copper decomposes into oxide of copper and volatile 
products, and if the temperature is not too high, tne greater portion of the nitrate of sliver remains 
intact A small portion of the mass is taken out from time to time and dissolved in water; after 
filtering, ammonia is added to the liquor. So long as this reagent produces a blue tin^ there 
remains iniBust nitrate of copper ; when the ammonia ceases to have any effect, the decomposition of 
that salt is complete. The whole mans, after being allowed to cool, is dissolved, and filtered to 
separate the oxitfe of copper, and then evaporated to the consistency^ of a thick syrup. The nitrate 
of silver cj^staUizes on tne cooling of the liquor. Another process is to evaporate till dry, then to 
fuse the siut and to cost it upon porcelain, or in small wrought-iron moulds. Under the latter foim 
it is employed in modicine, and known as lunar caustic. 
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Insteftd of deoomposing the nitrate of oopper in the manner we have described, it is usual, in 
laboratories, as being more simple, to treat the mixture of the two salts with a soluble chloride, 
which precipitates the silver alone as a chloride. This cliloride, after being well washed and dried, 
is heated in a crucible to a white heat, carbonate of potassa and marine salt having been previou-sly 
added. A button of very pure silver is then formed, which may be taken out of the crucible by 
breaking the latter after it has been iJlowed to cool. This button, dissolved in nitric acid, gives 
very pure nitrate of silver. 

Nitrate of silver crystallizes in beautiful rhomboidol flakes, especially by evaporation from its 
acid solutions. Its crystals are transparent. When fused, it presents the aspect of a white mass of 
crystalline structure. As it is decomposed by heat giving metallic silver, it becomes of a bluckish 
colour after having been subjected to repeated fusions. When cast in the form of lunar cauKtic 
there always remain residues, wliich are melted a second or even a third time. These residues 
therefore assume the colour often possessed by lunar caustic. 

The solution of nitrate of silver is decomposed by hydrogen, as it would be by a metal, such as 
zinc ; nitric acid is formed, and the silver is deposited. 
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Nitrate of 'silver. Hydrogen. 



Nitrate of silver is decomposed by organic substances under the influence of light. 
Distinctive Features of the Salts of Silver. — ^The soluble salts of silver are distinguished by the 
following featiures ; — ' 

1. They are always colourless when the elements of no coloured acid enter into their composi- 
tion, and they are generally blackened by exposure to light. 

2. Hydrochloric acid and the soluble chlorides produce in their solutions a white floccnicnt 
precipitate of chloride of silver which is not attacked by the acids, but which dissolves very 
readily in ammonia, cyanide of potassium, and hyposulphite of soda. Tliis precipitate assumes a 
violet hue when exposed to the light 

3. The soluble arsenites and phosphates determine in them the formation of a light yellow 
precipitate of phosphate or arsenite of silver, soluble in ammonia and in acid liquors. 

4. The arseniates produce in them a red precipitate of arseniate of silver. 

5. Sulphuretted hydrogen gives with them a black precipitate of sulphide of silver, whidi U 
insoluble & hydrosulphate of ammonia, but which is readily converted into nitrate of silver by nitric 
acid. 

6. The fixed alkalies give with the salts of silver a brown precipitate of oxide of silver. This 
precipitate when placed in contact with ammonia becomes black, ana acquires explosive properties. 

7. The soluble iodides convert the soluble suits of silver into iodide of silver, which is precipi- 
tated. This iodide is of a yellowish colour, easily affected by light, and nearly insoluble in 
ammonia ; it is, however, readily soluble in hyposulphite of soda and cyanide of potassium. Boiling 
Bitrio acid decomposes it slowly, forming nitrate of silver, and liberating violet^soloured Taponn of 

iodhie. 

Native Silver sometimeB oooarB in a state of almost chemical purity, but it is more frequently 
associated with some other metal or metals. Native silver is often found in connection with various 
argentiferous ores, and has sometimes been met with in masses of considerable size. It is fonnd 
both crystalUzed and in arborescent and filiform shapes. 

The fl^oys of silver and gold are exceedingly numerous, and although native gold has*never 
been found freo from silver, it is in some cases alloyed with that metal to such an extent, that the 
resulting compound san only be regarded as native silver containing traces of gold. Silver obtained 
from the treatment of ordinary argentiferous ores frequently contains gold, but generally speaking 
in small quantities only. In some districts, however, as at Virginia City in Nevada, one-third of 
the value of the bullion produced arises from the amount of gold which it contains. 

Antimonial Silver. — ^Discrasite occurs in Baden, Suabia, Chili, and elsewhere ; but seldom in suffi- 
cient quantities to possess great commercial value. Colour, silver white ; composition, antimony 
23, silver 77 per cent. Heated before the blow-pipe, gives off fumes of antimony. 

Bismuth Silver. — ^A rare alloy of silver and bismuth, with a little copper and arsenic ; occurs in 
the mine of San Antonio, near Copiapo, Chili. It contains 60 per cent, of silver. 

Native Amalgam is found in the Falatinate, at Sala in Sweden, Almaden in Spain, and in 
various mines in Chili. It is frequently crystalUzed, of a silver-white colour, is brittle, and emits a 
grating sound when cut. There are two known varieties. The first is comp()sed of silver 34 '8, 
mercury 65*2, and tiie second of silver 26 '25, mercury 73*75 per cent. 

A silver amalgam of some commercial importance is founa in the mines of Arqueros in Chili, 
and has been hence named Arquerite. It consists of silver 86*49, mercury 13*51 per cent. 

Ores. — ^The ores of silver which occur in greatest abundance, and which are consequently the 
most important, are the foUowing ; — 

Silver Glance. — ^Vitreous Sulphide of Silver. — ^This is the most important ore of silver, and con- 
tains, when pure, silver 87*04, sulphur 12*96 p r cent. It is found in Europe in the Grerman 
mines. It is also abundant in the mines of America. 

Stephanite. — Brittle sulphide of silver is the ore of next greatest importance. Tliis is a double 
sulphide of silver and antimony, containing, when pure, silver 70*4, antimony 14*0, and sulphur 
15*6 per cent It is found in nearly all the silver mines of Europe, and occurs abundantly in 
America, and particularly in the Comstock lode, Nevada. 

Pyrargyrite. — Ruby Silver. — An important ore in the Mexican mines, as well as of Uiose in the 
Reese River district in Nevada. It is composed of the same substances as sti'phanite, but in 
different proportions. When pure, its composition is, silver 58*98, antimony 23*46, and sulphur 
17*56 percent. 
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Chhride of Stifter, — ^Hom fiilver. — ^Thifl ore is oompoBed of ailTer 75*38, chlorine 24*67 per cent. 
It is fonnd in moet of the nlTer mines both of Enrope and America, and occurs in greatest abund- 
ance near the outcrops of the veins. It ftises in the flame of a candle, giving off acrid fumes ; and 
if moistened and ruoDed with a piece of iron or zinc, becomes extemaUy coated with a thin film of 
metallic silver. With a little carbonate of soda it is readily reduced before the blow-pipe, and 
affords a button of silver. 

In addition to the foregoing, which yield the larger proportion of the total amount of silver 
annually produced, there are numerous other minersds containing this metal, but which, from their 
rarity, may be regarded rather in the light of mineralogical curiosities than as ores of silver. A 
large amount of silver is likewise extracted from galena, with which it is associated in the form 
of ralphide. 

Few metals enter into a greater variety of natural combinations, or are found over a wider 
geological range, than silver. It is said to exist in minute traces in some organic bodies, and in the 
waters of the ocean. A certain amount of this metal invariably accompanies native gold, and it 
would be ahnoBt as difficult to find a specimen of galena from which traces of silver oould not be 
extracted, as to meet vrith native gold entirely free £rom it. 

The whole of the silver of commerce is derived from three sources ;• « 

From silver ores proper, in which this metal predominates in value over those with which it is 
associated. 

From refining the native alloys of gold and silver. And 

]?rom the desilverizing of lead, and the treatment of certain argentiferous copper ores. 

Treatment of Silver Ores, — It has been foond that the ores of silver, with the exception of argen- 
tiferous galenas, do not generally admit of meofaanical concentration, and they are consequently, 
after careful selection, in moet cases subjected to metallurgical treatment. The difficulty of 
treating ores of silver by mechanical means arises from the &ct of the greater portion of this metal 
being finely disseminated in the veinstone in the form of various brittle sulphides, which, on the 
pulverization of the ores, become so finely divided as to float off in apspension in the water employed 
for concentration. It must be borne in mind that, even had the results obtained by mechani(»l 
preparation been more &vourable than they have been generally found to be, the supply of water 
in tne districts affording a great proportion of the ores of this description, is exceedingly limited, 
and that the inconvenience and expense attending the dilution of the argentiferous mineial by a 
large onantity of siUcious and earthy matter is less than the cost and trouble that would be 
entailed by their concentration. 

Fatio Process,— The materials necessary for the reduction of the ores of silver by the patio pro- 
cess are magistra], common salt, and mercury ; but in addition to these, sulphate of copper, preci- 
pitated copper, and copper and zinc amalgams are occasionally employed. 

Magistral is manufactured fh>m copper pyrites, or raw magistral, of which mines occur in mttny 
parts of Mexico. 

The copper ore, when brought to the works, is first reduced to a coarse sand by dry stamping, 
and then ground to a fine powder in arrastres. The ground ore is removed from the arrastre to an 
enclosure, where the water with which it has been mixed during the process of grinding is allowed 
to evaporate; it is then left exposed for a long time to atmospheric influences, as it is generally 
believed to a£fbrd a larger proportion of sulphate of copper by roasting, if previously exposed for 
some months to the action of the air. The furnaces in which the cufcination is effectea have a 
double hearth, of which the roof is almost flat, with a flre-place at the side. 

About 200 lbs. of ground ore, with which a few handfuls of salt have been previously mixed, are 
charged on each hearth. The heat is then gradually raised, and the ore kept constantly stirred 
during from six to eight hours, when the doors are closed, and the furnace allowed to cool. When 
sufficiently cold, the doors are again opened, and the charge n^ed through holes in the bottom of 
the furnace into arched recesses beneath, prepared for its reception. The percentage of sulphate 
of copper formed, from an ore of given tenure in copper, depends, to a great extent, on the skill of 
the workman, and the care bestowed on the operation. 

When the ores treated contain either oxide or carbonate of copper, it is usual to add to them a 
certain amoant of iron pyrites, which, by supplying sulphur, assists in their conversion into 
sulphates. The sulphate thus obtained, being in an anhydrous state, becomes heated on the 
absorption of water, and this circumstance is taken advantage of for the purpose of making a rough 
estimate of the quality of prepared magistral, and determining the proportion it will be necessary to 
employ. 

The ores subjected to patio amalgamation differ somewhat in their composition ; but the follow- 
ing analysis gives the average composition of ore fit>m the district of La Luz, Guanaxuato ;— 

Sulphide of silver 0*15 

„ iron 26*52 



„ lead 207 

„ arsenic 0*10 

„ zinc 5*00 

Sulphate of iron 0*25 

„ lime 0*43 



Peroxide of manganese .. 8*54 

Carbonate of lime 4*18 

„ magnesia 0*96 

Silica 50*00 

Moisture 6*10 



100*00 



The ores to be'subjected to the process of patio amalgamation are flrst Grushed dry, to the state 
of coarse gravel in a stuping mill, and subsequently reduced by porphyrization with mercury in 
the arrastre to the necessary degree of fine division. 

As the operation of grindixig progresses, the amalgam by degrees accumulates in the crevices in 
the bottom of the arrastre. The amalgam is usually removed from the arrastres every three 
months ; but in some instances they are cleaned up at even longer intervals. At the expiration of 
twenty-four hours, when the grinding is completed, slime is baled out into a barrel, in which it is 
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lenoTvd to naenroln, fenoed in msBonry, from nhioh a portion of the water beoomeB eTapontcd 
by expomie to the aoa and air, end leavea the umaa in a fit cocditiou lor BUbtequeat treatment in 
thapatk). 

The patio la a large oonrtyanl, generally paved with flagstonea, of whioh the jointB are carefully 
cemented, in order to prevent the lou of mercnr; which would otherwise take place. This Booting 
baa a alignt inoUnatiou given to it, in order that any water falling on it may the more readily run 
otF. la Bomo cases, however, a wooden flooring is employed instead of a stone one. Fig. 6900 
represents the patio ^ Qnanaxnatft 



Tbegronnd.i__ . . 

lu walled rpooivers, where a portion of the water ia , . , - - , - 

to aoonmolate nntil there is a aofflcient quantity to fona a heap. When the aniount of si 

neoeawrf for a heap has been collaotad in the receiver, it it carried out into an enclosure formed 
on the patio, abont 30 ft. in diameter, generally made by laying on each other square beemi of 
wood, kept in their places bv large stones, and made tight by flllmg the joints either with clay of 
horse-dnng. Into this the dime is introduced, until it forma a layer of about a foot in thicknen^ 
and is allowed to remain until, by the evaporation of the water, it has gained the oonsistenoy of a 
rather thin mud. From 3 to 5 per cent, of salt ia added, in aocordanoe with ita qnality and the 
nature of the orea under treatment. When the salt liaa been added to the heap or torta, it reoeivM 
the firet treading by mules, after which it ia allowed to stand until the following day, when the 
whole of the adt will be found in a state of solution, and thoroughly mixed with the slimes 
Annipaaing the heap. 

The day after the salt has been thus mixed with the slimes, the addition of magistral and mer- 



r everv ma 
feoted ny a 



, le mamstn . .. ., 

The proportion of this reagent to be added varies, to a certain eitent. in aocordanoe with it 

nessin sulphate of copper; but in the case of employing magistral of tneusnal strength, something 
less than 1 per cent, ia generally found suffloient As soon as the magistral has been spread over 
the surface of the heap, it ia again trodden by males [or abont an hour, when the mercury necessary 
fur the completion of the operation ia generally added, the quantity required beicg from 3} to 4 Ibe. 

V mark of silver supposed to bo contained in the heap. The intnxlactioa of mercnrv is 

•-- J it run tlirough a linon cloth in snob a way that its partiolos may be divided in 

e globulea. After tlie addition of the mercoij, tlie heap is again trodden for 
abont toot hours, in order to efleot ita intimate miitore throughoat the whole mass. When otys- 
tallised snlphiUa of eopper ia employed in lien of magistral, from 7 to 9 lbs. are added for each ton 
<^ ore contained in the neap. 

The treading of a torta nas the elTeot of stimulating the action of the magistral, and is repealed 
every allsmate day as often as the samples indicate a necessity for doing so. Formerly, the 
mercury waa not all introduced at once. It Is, however, now nsual to Euld all the meronrj 
Jmmediately after the intiodnotion of magistral. 

The treading tortas or heaps ia effected by means of mules or horses, the former being most 
frequently employed, and ia repealed every alternate day nntil the operation is completed ; io some 
cases thoy are made to dragbehind them a framework on wheels, which acts in the same way aa 
the ordinary mortar mill. When this is employed, it is attached to a long wooden arm revolTlog 



on » Mindle In the oentre of the torta, and in oieer to allow of tbe ndini being gndmUr diml- 
Difibed, Uie Mm is provided with alotB, in wWoh the oentral pin randily trsTereofc la addilirai to 
the treading, each heap is tnmBd over twice a week by means of wooden shovel*. 

The waahlng apparatna ooiuutt of three oironhtr tanks B, 0, and D, Fig. 6901, built don 




together In a circle, and oonBtmctod of rtone tlnba ouettdlr cemented. The depth of eaoh of thMa 
tank* la 5 ft. 4 in., and its diameter 9 ft. 6 in. They are made to communicate with ewih other by 
means of an oblong opening 8 in, in height and 10 in. in width ; of which the first ii placed at a 
height of 8 in., and the other at a distanoe of 30 in. from the bottom of the tanka. In addition to 
these, the last tank is provided with two separate dleoharge-boles ; the first at a height of 6 In. 
ftom the bottom, and the other, whioh is only opened for Ine purpose of oleaoing up, is li' ' ' 



teeth aeting as agllatore, the whole being set in motion by a central shift A provided with a tpoi- 
wheel working in pinioDs on the tahk-sbaOa. 

The pinions giving moUan to the agitators in tbe second and third tanks are a little larger than 
that wraking the stirrer in the first, and oonsequently their motion is somewhat slower. 

Before being wasbeil, the torta is Bret divided into several paroela, each of which is loftMied by 
the addition of water and snbMwneut treading, and then carried to the washing honse in large 
bateaa, dusted on the inside with dry horse-dung in order to prevent loaa. 

When the washings of samples taken fhnn the tanks affoid only minnte metallic tiacea, the plog 
at Kme distanoe above the bottom of the ditoharge-tankDii removed for the pnipoee of diaohaiging 
the slimes; and as soon as they have been ran mT the plug is replaced, and tfie operation oontinned 
until the whole has l>een washed np. 

In addition to the amalgam which remains in the boUom of the tan^ there i« alao a ecnudderable 

Siantity of the heavier oonatitiienti of the ore Iteated. This reaidne fi remored in wooden bowls 
another tank, and thrown into large bowls or bateai. The person osing the baton leans over the 
aide of the tank, and with one hand on eaoh side of tlie bowl, girea to it tbe peonliar washing motion, 
taking np a small quantity of water, whioh, after dronlating roond Iheedgeaof the vessel. Is flnallv 
diaohargcd, carrying with it a certain portion of the residue. The deposit of flnelj-divided mineral 
remaining with the amslgam in the Hashing aniaratns, and from the washing in bateaa, la sabse- 
quenUj lenound in arrastrea. By this means it Is niade to yield a certain quantity of amalgam 
nob in gold, bat la not generally a second time snl^jeoled to patio amalgamatimi. 

Tbe amalgam thus obtained is carried to the meroory house, wbws it is deposited in a large 
stone trough : and as soon as the whole amount prodooed by a heap baa been collected, a laige 
quantity of pure meroury, tocher with a litUe water, is added. The mass is now well stirred by 
hand, for the purpose of cauamg the separation of impurities whioh gradually come to the surfkce, 
and which ate irom time to time wiped off by means of a woollen doth. A small quantity of clean 
water is added after each removal of the impurities, uid the operation repeated until the sorlace of 
the amalgam presents a bright uniform appearance. 

When tbe amalgam has been purified from tbe last adhering particles of mineral, bT wiping 
with flannel, it is Altered through a oone-shaped bag, or strainer. Fig. G90Z, of whioh the upper 
portion is ooversd with leather, while the bwer oonnsts of strong, closely-woven canvas. This is 
hung by chains ot c«rde &om a stout beam, and when the mixtnre of mercury and amalgam ia 
intrnluoed, its weight canscs a large portion of the qnick^ver to esoape through themeshesof the 
sail-cloth in a liquid form, and to full into a vessel plaoed beneath it for that purpose. The 
amalgam finally assumes the sppearanoo of white sand. This ama^;vm usually contains mercnry 
to the amount of ^m five to Ave and a halt times the weight of diver present. 



The flitmtion of a charge osiiBlly oooapiea ftbout tvo boura ; and when the meroarv baa ceased 
to drip from the bottom of the bag, the atnuner is emptied on a table oovered witb leather, and the 
nmnlgam beaten into triangular briola in iron moulds haTing the form shown, vig. 6903, 





The retorting is oonduoted bj the aid of a laree iron or copper bell, which it placed otpt the 
anuOg.im, and around which ia bittdlud a oharcoal ire. A cironlor tank of maaoni; ia conetmcted 
below the floor of the bnruing-hoitae, through which a etream of water ia constantly fiowiug, 
and in thie ia placed an iron tripod, oovtred b; a round plale, having a bole in ita centre for the 
eacajM of mercory. On this plate are piled the bricka of eilver, to anch a height ea to reach to 
witbiuaahort diatauoeof the top of the Dell, which, when placed over them, leavea a apace of about 
an inch between its aidee and tbe oolumn of amalgam. Wben thue arranged, the bell or capellina 
ia lowered over it, and tbe bottom secured, either by lute or a water-joint, constantly aupplied by 
meana of a pipe, Unborut bricks are now boilt around the arrangement in the form of a hollow 
wall, leaving an annular space between them and the betl, of about 8 in. width. This is filled with 
oharcoal. which is igail«d, and as the temperature increnaea, the mercury beoomea volstlliied, and, 
passing into tlie chamber below the floor, le condensed, collects in a liquid form, and esoapca by an 
iron pipe into a proper receptacle. The Are ia thus kept up during Rbout flReeu hours ; after which 
the appatatuB Ib allowed to cool, and, when sufficiently cold, the bell is removed, either by a wind- 
lass or by means of aimple blocks, as in Fig. 6904. 

This diver, which is found to have assumed a poroos atraotnre, and a beactiral frosted appear- 
ance, ia placed'in leathern ba^ for removal to the amelting honae, where it ia assayed, and run into 
bara. The silver obtained by the patio proceaa of amalgamation ia in most caaea very nearly pure, 
being generally above 990 fine. 

In Bomo localities, the arrangements for retorting by the capellina are slightly varied fVom thoee 
above desoribed, as Fig. 6905, in which the amalgam is supported beneath the bell B, on a aland A, 
enclosed in a caat-iron vessel C,kept coolb^menntof a current of water conatantly flowing beneath 
the bottom, and through the annular cavity D. Tbe condenaed mercury escape*, aa Boon aa 
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depofdted, by means of a WTOUght-iron pipe, into a proper receiving veaseL In some cases the 
diarcoal is retained in its •place by means of a circular iron grating. 

The interior measurements of the bell are usually as follow ; — ^height, 8 ft. ; diameter, 18 in. ; 
thickness of metal, 1^ in. The charge of amalgam is about 2000 lbs., aflbrding about 400 lbs. of 
silver ; the consumption of charcoal a charge is 500 lbs. 

The loss of silver by this process of amalgamation is considerable, but varies in different 
localities, in accordance with the nature of the ores operated on, and the degree of fineness to which 
thiy are reduced by grinding. The loss of mercury is generally et^uivalent to the weight of silver 
obtained. The results of assays made during a year on ores containing a considerable quantity of 
galena, pyrites, and blende, as compared with those actually obtained from the patio, showed a 
deficit equal to 28 per cent of the assay produce. 

After the discovery of silver mines in Nevada, it became evident that none of the processes 
employed in other countries for the reduction of silver ores could be rendered available for the 
treatment of those forming the main deposits. The pan, or Washoe process, so called from the dia- 
trict where it was first employed, was therefore introduced. The following description, al^ugh 
oonfined to the Gomstock ores, gives a fair general outline of the process. 

The ores of the Ck)mstock lode consist chiefly of various sulphuretted forms of silver, native 
silver, and gold, finely, almost imperceptibly, diwaeminated through a gan^e of quartz. With 
these are associated a few other accessory minerals in inconsiderable proportions. 

For metallurgical treatment they formerly were, and to some extent still are, divided into three 
classes. The basis of this assortment is arbitrary. The chief object of ttie daasiflcation is to sepa- 
rate those ores whose mineral composition and, more especially, whose high value demand a very 
exact and careful treatment in order to obtain the highest possible percentage of their precious 
contents from those of lower grade, which must be treated by less expensive methods. 

Tlie first class usually embraces those ores whose assay value exceeds $150, or in some cases, 
$100, a ton. The second dass, where disttngnished at all, is nsuaUy designed to include ores 
whose assay value ranges between $90 and $150 a ton. The third class embraces all workable oro 
of lower grade than the foregoing, the average assay value varying considerably in different mines. 

In many of the mines the proportion of the second-class ore is so small, or the ohaxactw of the 
ore so uniform, that no such distinction is made, the whole product being worked without assort- 
ment About 25 to 80 per cent of the whole value contained m these ores is gold, the remainder is 
silver. In the bulHon produced the relative proportion of tiie gold is a little higher, as it is more 
easilv saved than the silver. 

The silver of the first-class ores is intimately combined with sulphur, zinc, lead, iron, and other 
base metals, which render the extraction of the silver diflicult Tney cannot be profitably treated 
by the simple methods to which the more docile ores of the second and third classes are subjected, 
but are cruBhed dry, roasted with salt in roverberatory furnaces, and then amalgamated in barrels 
by the Freiberg process. The ores of the second and third classes are treated by the pan process. 
^ The ore to be treated by the ordinary Washoe process is delivered from the mine to the mill in 
pieces varying in size from fine particles to those as large as a man can lift It needs first to be 
crushed to a fine condition. This operation is performed by a battery or stamps similar to that 
described at p. 272. The larger pieces of ore are first broken to a suitable size far feeding the 
stamps, either by a sledge or a mechanical rook-breaker, Blake's machine being in general use for 
thispurpose. 

'The screens through which the crushed material is discharged from the mortar are either of 
brass wire^oth, having thirty-five or forty meshes to the lineal inch, or more frequently of Bussia 
sheet iron, perforated with fine holes. Screens of the latter sort, in general use, are known as 
Nos. 5 or 6. In the last named the bole has a diameter of ^ of an inch. > 

In former yean the amalgamation of the precious metals of the ore with quicksilver was carried 
on in the mortar. This feature of the process has, however, bceoi given up in the mills of the 
Waslioe district The stufi^ being discharged firom the battery, is conveyed in troughs by means of 
the fiowing water to settling tanks, placed in front of the batteries. These tanks are usually built 
of plank, are 8 or "4 ft deep by 5 or 6 or more feet square, and are so arranged as to have communica- 
tion with each other near the top. so that the stream of water carrying the crushed ore ui suspension, 
having filled one tank may pass into the next, and so on through sevml, depo8itin|[ the material 
and not finalli 
suflicient 




the conveying troughs are provided with gates so arranged 
portion of the tanks and shut off from the other at pleasure. The stream, having deposited in these 
tanks the bulk of the material, is still charged with slimes, or rock reduced to an unpalpably fine 
condition, which is only settled by a slow process. For tliis purpose the stream is sometimes per- 
mitted to pass through other harge settling timks, or to slowly deposit its charge in a pond or dam 
outside the mill. These slimes form a varuible and in some mills a large percentage of the whole 
amount crushed; in some instances more than 10 per cent When one or more of the settling 
tanks in the mills have been filled the stream is diverted f^m such to others that have been 
emptied, and the Aill ones are in their turns deaned out, the sand or crushed ore being then sub- 
jected to the grinding and amalgamating process of the pan. 

Modifications of the amalgamating pans employed in the reduction works of Nevada are almost 
endless. There is, however, a simple form of apparatus usually known as the common pan, with 
which results can, by careful working, be obtained almost as good as from those of more complicated 
construction. Tlie common pan, Figs. 6906, 6907, is a round wooden or cast-iron tub, 6 ft in 
diameter, and about 2 ft. in depth, with a flat bottom. A false bottom of l}-in. iron is inserted into 
this, and a hollow pillar in the centre admits the passage of an upright shaft, which is generally 
worked by gearing benratli the pan, capable of communicating to it from flfteen to twenty revolutions 
a minute. 1)d the wooden arms a are attached the blodks 2^ also of wood, to wluoh are finstened the 



inmiboMc, by meene of ths bolts d, paseiiig npthrongji the urns. Euh ihoe hoa also on iion 
Bboat on inch in Isagtb, wUoh ftta into the woodau block and keeps tba inn facing iteadilj id 




plaoe. On tbe tbaft/, pcttring tbrongh the oentnl pfnar/, ii tbeyoKe 9, which, belo^ fitted witk 
K Bliding key, eon be nbed by mraiw of the wiTew h : tad the ends of the yoke itself bemR kttaohed 

to the wooden oroea arms, the mnllen wilt be raised at the stme time. Bteam ia introduced into 
the pntp b; the pipe i, the diBoharge being effected b; meanB of the apertoree J. The false bottom 
is oiide I in. lees in diameter than the bottom of the pan itself, end has an aperture In the centre sn 
inch larger in diftmeter than the base of the pillar, in which the vertical shaft works. To fasten the 
bottom in its place, and prevent the mercn^ from finding its way under it, strips of oloth, about 
9 in. in width, ate lapped aromid the edge of the false bottom, as well as applied against the aides 
of the ^o. Alittleirou cement ia then ponied in, and the bottom secured mits place by nieansof 
veil-dried wooden wedges tlchtly driven netween Uie two layers of cloth. These wedges, whiob are 
driven quite chwe to eMb other, mnat be somewhat aharter than the thickneaa of the false bottom ; 
thw leaving a space above them which ie enbaoquently covered with a paste of iron cement, that ia 
allowed to set befote tulng tbe apparatus. Abont I horse-power is reqnired to work this pan, 
which wiU atnalnmate hoai 1) to 2 tons of ore in the conrse of twenty-four honis. 

A wy ^Dod bnt more complicated pan is Wheeler's, represented in Fig. 6908. A being the pan, 
with the diea a in their levvat places ; whilst B is the rotating mnller, fitted with its shoes b, 
lenoved from the pan, and tnmea bottom npwards. The upper mnller is driven by means of a 



bollow cone, which paaet ont the lentral pillai, uid li coonacled with the vertiiAl ibtit bj mawii 
of k ■iidiiig kej. 

The dittsnoe between Uut mnllas is Mga 

Mgulkled by a aoraw, flttod with a liand- 
wfaeel. Tbe ahoci b are oecuied to the 
upper muller, either by bolta and nuts, 
or more frequently by projectioni passing 
through inclined obEong holes in the 
rDt&tiuE plate, to which they are flrmly 
secured by means of wooden wedees. 
Tbe dies a are Uid on the bottom of the 
pan, and kept in their places by the ring 
E in the oeatre, and on tbe sides by the 
inolined ledges d, nnder which their 
end* are wedged. The dies, like the 
shoes, are 1 in. thick, and bevelled on 
the edge* in the nine direction ; so that, 
when put together, grooves are formed 
between them, as shown in the drawing. 
On the upper side of the outer edge of 
the mnller are inclined ledges, whwh in 
oonnection with thoae. d, cast on the pan, 
create an upward onirent in the pulp; 
whilst gnide-plates, which slide into 
gTooyes at t, oonxey it towards the 
centre. This pan stands on a oast-iron 
framing, and is driven by mitre-wbeEls 
bom benesth. 

From the iliee and bottom not being 
cast perfectly true, tbe grinding BUrfaoes 
are oftm, at first, a little nneven, and 
consequently the grinding planes should 
Dot at once be brought into too ctoM 

Tbe mnner of theee pans requiMt to 
b« lin«dat Iwst ouoea week for the purpose of removing tbe amalgnm which aoonmnlatea nronnd 
tbe central pillar, and thus pteventa (be pulp from passing freely Wweea the grinding suriacos. 
This pan Is generally made 4 ft. io diameter at bottom, and requites from 2} to 3 horae-powcr ta 
work it effloiently. It usually makes about sixty reTolutions a minate. 

The operatirai of the pan ooneists in tbe fuitlwr reduction or KrindiDg of tbe itamped rock to a 
One pulp and in the eitnotloii cf tbe preciogs metals by aoisIgMnation with qnicksilTer. Tlie 
qnantity of ote with wliieb a pan if chafed for a Bingla operation Tariee Ihnn 600 or 600 to 4000 or 
9000 lbs., aooording to the aise of the pan. The ordinary cbargeof pans most geDecatly in nse is 
1200 to 1500 Iba. 

In charging the psn the muller it raised a little from tbe bottom, so as to revolre freely at first 
Water is supplied by a bnae-pipe, sod at tbe same time the saod is thrown into the pan with a 
aboTel. Steam is admitted, eiihet to tbe steam-chamber, in ttie botUiia of tlie pan, or directly into 
tbe pulp. Id tbe former case the temperature can hardly be raised as high as in the latter ; but, on 
tbe other hand, when steam is introduced directly care is necessary to svoid rednoing too much the 
oonsistency uf the pulp by the water of oondensatian. Tbe pulp sbould be sufficiently liqnid to be 
kept in free circnistion, but thick enough to carry in suspension, Ibniugbout its entire mats, the 
flnely-dirided globnlea of quicksilver. In some niills both motbuds of beating are employed intha 
same paoa, tbe temperature being first raised with each charge by live steam, and ollerward sns- 
tahied by admitting steam to the chamber only. Some pant are oorend with wooden covert to 
aatist in retaining the heat. When properly managed tne temperatnm may be k^ at or near 
SDO" ITahr. When, in tbe ose of live tteun, the pnlp beoomet too thin, the mpply of^steam is cut 
off, the covert temov ed, and the pulp allowed to thicken b^ the evaporation of the water. The 
steam in the obaml»r may keep tbe temperature up to the deured point in the meantime. Another 
advantage of the steam-cluunb^ is that the exhaust steam (torn the engine may be used in it, while 
for use in the pulp it is better and customary to take steam directly from the boilers, because that 
whtclkoomes from tbe cylinder of the engine is charged with oil and is injurious to amalgamution. 
Tbe mnller is gradually lowered after tbe oommenoemcnt of tbe grinding operation, and is alluwed 
to make about liity or seventy revolutions a minute. In tbe course of an hour or two t}>e sand should 
bo reduced to a fine pnlpy condition. When this hat been accomplished, and oocaHionallv at an 
earlier stage of tbe operation, a supply of qnieksilvei is introduced into the pan, the muller slightly 
raised from tbe bottom tn avoid too great frictiot^ which would act to tbe dieadvanta^ uf tbe 
quicksilier, and the action continuei for two houra longer, during which the amalgamation is in 
progreia. The qnioksilver is supplied by pressing it through canvas, so hb to scatter it upon the 
pulp in a finely-divided condition. Tbe quantity varies greatly in ditfirent mills, tbe ordinary 
mpply being about 60 or 70 lbs. to a charge of ore oonBtBliDg of 1200 or 1500 lbs. In some mills a 
qnantity, varying from 75 to 200 or even 300 Iba., is pat into a pan when starting np after a clean- 
np, and Butoequentty a regular addition of 50 or 60 lbs. made with each obargs. 

To promote amalgaination it U the general custom to add to the charge, either at or tnnn nfter 
the beginning of the grinding, or at the time of supplying the qnickiilTcr. various materials gene- 
■ally deeorib^ as olicmioait, and ntnaUy coDsitting rt tho preaent day of ■olphate of copper and 



cluMieofoMi the two Bobatanoesbdog employ ia TCirntrinble ptoportioca in dIStiMiitiiiillB. 

iW liotus bkTiiig been devoted to the gmuding, and two or three more to ainalg&matioii, tb« 
pan Is dlaobarged, ftud ita oonteola rerelved bj • Mttler or tepantor. The pan being emptied ud 
putlj WMhed ODt by the ati««n of water, ii KgAin charged with % freah quantity ot aanii, and tlie 
gTlnaing opeiatioD ia resnmad. 

Bettlera or aepaistorB, like the pana, diffbr eomewbat in dstaila of ooiutnictioii, but thej nBnatly 
are mnnd tuba of iron or of wood with oaat-iron bottomi, reaBmbllng tba cana in general featnrea. 
bat larger in diameter. 

In Bome mills, at a atated honr ot eaob da;, the qmcbrilTer coming &om the aettlen ia abained 
and the amalgam eitiacted' in othera, as the gnickailTer thiokena or become* alnggiah bj the 
aocnmnlation of amalgam, it I« dilateJ b; the addition of freah qaickaUTer, and the atnining of the 
amalgam is only made once In oeyeral dajg. 

From time to time the pans and aettlGra mnst be atopped and cleaned. For this pnrnjae the 
mailers mnat be raised, the eboes and diea removed from their places, and all the ironwork of tbe 
pans and aettlers oarefnlly Bara{>ed witb a knife, to rsmoTe and collect the bard amalgam which 
attaches itaeK (o such sorfaoes. In many caaea one-fonrth or even a gttater proportion of the total 
prodnot if amalgam is obtained in this way. 

The amalgam, having been attained in bags similar to Fig. 6902, and foroibly pressed, to expel as 
modi ot the fluid qnickailver as poaaible, is then subjected to the prooeas of aubUmation in a retoit 
abgnt 13 in. in diameter and 8 fL long, mounted on an arcti of fire-brick, and placed within another 
ftrch, from tbe crown of wbiob the smoke ia oarriad off to the cbimnoy. The retort ia fitted witli a 
Stoat cover, oarefollj adjusted like the atopper at a coal-gas retort. From the upper part of the end 
aS-in.iron pipe carriea off the volatile mnltois. Thia is so fitted lo the downcast pipe, 4 ft in length, 
that, by ^-pieces and atoppeis, every facility ia afforded for cleaning ont tbe pipes. Tlie downrast 
fdpe is so fitted within another pipe S{ to 4 in. in diameter, as to oinstitute a L.iebig's amdenser, 
uito the bottom of which oold water is supplied ; the heated water flowing oflf from the top. The 
downcast pipa opens into a small bottomless chunber, immerapd aufSciently low in a tank of wal 
to loMp It au-tiglit, but in snob a manner as to mtneat aoddenta trom the abaorption of wuter ir 
the heatad retort. 

This retort is provided with several oast-iion semioircnlar trays, which slide easil; in and on . 
these are divided Into two parta by a tmnavetse partition. Before uie weighed oliarge of amalgam 
la put into the tray, it is coated with milk of lime, or a thin wash of elay, and not un frequently a 
sheet of paper is also placed over the bottom. By these precantions the retorted amalgam is pre- 
vented from adhering to the iron, and mnoh ttonble avoided.. The charge having been placed in tbe 
retort, the cover is carefullj luted with a mixture of clay and wood-ashes, made up into a thin paste. 
The fire is then lighted, and tbe heat slowly and steadUy raised, until tbe retort is of a bright red 



eoloiir, and ia so mahitsined until tlie mertyaxj oetses to distil over. Tho retort is now allowed to 
cool gradually down, and when oold the retorted silver is withdrawn and weighed, as is also the 



if quiokiilTsi bom bidden leaks in the 
. IT 2UU lbs. of crude balliou Irtm 1200 lb*, 
of Bmalgam. The retorted unalgBm ia brokeu up, melted in plombago cracibleo, and oast ioto ban 
or ingola of bullion of from 1000 to 1500 ot. each. Tbeae tue Bwajvd and valued, the value being 
marked on tbe ban, Hhich are Ihen read; fur the market. Tbe quality or Sneneaa is marked iu 
thounndthi, thus—gold 24, lilver 841, ma^og together tl65 thoueandths; lt«Tmg 185 larta in u 
tbooMnd, which principal!; oooiiBt of oopper ; but uo notioe is taken of thia, a« it ia of nu luoney 
value in the sale of tbe bar. 

The retort employed at the milla near Virginia for the dJatillation ot silver amalgam ia rcprc- 
■ented, Figi. 6909, 6910, of which the aecood Nia. 

la partially in aeotion, and the flrat la a longi' 
todinal aeotion. 

The aah-pit A ia beneath the firfr-plaoe B, 
whtoh oommnnlBates. br meana of flnea a, 
with a ohamber b, eucloaing tbe cast-iron 
ntort 0, tma wbich tbe producta of oom- 
bnttloil are oonveved by tlie fluea I, 2, 8, 
tbroDgh the arohed cavity c, to tbe ebimney it. 

By dampers covering these fluea the 
draught may be ooDtrcIled ao aa to beat the 
retort acooiiliDg to the requirements of the 
ease. The pipe D oarriea the vaporized 
meioniT to the vertical pipe E, in which it 
ia oonaeDBed b^ the action of a stream of 
cold water passing upward from the bottom 
thiooKh tbe Liebig's oondeoser F. Tbe con- 
denied mercury oolleots in the reeerroir Q, 
from whioh it ia drawn off into bottles through 
a bent tube at the bottom. Any vapoura 
escaping from tbe tetort-door *ra conveyed 
into the floes by the hood e, ot sheet iron. 
Tbe arrangement of the oover ot the retort ia 
shown at g, and a portion of the aemi'eylin- 
drical tray, nsed for charging the tetott, at h ; 
the position ot the iron plates and bnwea for 
binding the briokwork u repreeeuted by the 
Ictten/. 

The pntp. after pOMing from the settlen, 
in wliicb, as oefore aeeotibed, the ijniokeilver 
and amalgam ore seponled from it, is vari- 
OGily treated in difi^rent mills. Fiequentl* 
tb» whole TBVf <• allowed to pasi through 

agitators, tubsTor vats of various devioeo, for the pmpOM <f saving some of the qtilokdiTer and 
■mnlgmm thst are unavoidably carried off with it from the aettler. In same mills vaHons kinds of 
eonoentiators are employed fur a similar porpoae, and to obtain tbe heavy undeoomposed mlphurets 
in ooncSDtraled form ; in other cases, where there ia water mfflcient and tbe lay of thti land fa%our- 
oUe^ blanket-tables are constructed outside the mill, over which the stream of tailings is allowed 
to run, and a porUoo of their valuable oontents oaught in bhuikela ; and, at convenient points, dams 
ore oonatruoletl for the accumulation of tailings, which, after mouthii of expoeure to the mSnences ot 
Ihs weather, may be anin worked over with proflL 

Tbe ordinary working reoult obtained bv treating tbe ore aa above deaarjbed in tbe pan Bad 
Mttler Tsrlea between 65 and 75 per cent <H the assay voloo, wbioh, by anbseqnent tieatnieut, la 
hwreased aometinva to 85 or 90 per cent 

BarrtI Anudijamation. — The oumbinstiona in wlilch the gold and silver exist in the flrst-clnaa 
Ooiiiatock ores unflt them for profitable treatment in the aimple grinding and amalgamating proceaa 
juat described. 

The method of treatment to which the ore. is subjected, theiefbro, is similar to the Freiberg barrel 
proceos, and conusts of drying, oruahiiig by stomps without tbe use ot water, roosting with salt, 
amalgamation in revolving beirels, and the separation of the gold and silver &om the quicksilver 
by the method of retorting. 

The drying kiln at tbe Savage mine ia &>rmed of a series of flusa, covered by a caat-iron floor, 
on wbioh tbe ore, already reduMd to a aizo auilabla for atomping, ia spread. The surface for Hie 
reception of the ore isabout-^ft. wide by 12 ft. long. The iron is cast in sections or platea, 8 ft. 
long t^ 3 ft. widc^ with a strengthening rib on tbe under aide. The boae of tbe kiln ia briokwork, 
and the flues ore about 8 in. deep. They are covered by the iron plates. At one cud of the kUn 
is a flre-plaae, and at the other a stook. so tlist the heat passes &om one end to tbe other under the 
Iron cover or floor, on whiuh Uie ore ia spread to a depth of 1 or 5 tn. The ore is constantly raked 
and turned until qnite dry. 

When the kiln is conveniently placed, aa in aome aimihir eBtsblUhments in Bssttm Nevada, the 
heat from the roasting furnaces, on its way to tlie stock, posses tbivngh the flue^ saving a uieaial 
flriug. In tbe present Instaooe there are three kilns, able to dry abont 2S tons a day, oonsuming in 
nil abont a half cord of wood in twenty-four boor^ and requiring one man's attention to keep up 
flrce and rako over the ore. 

For crushing thu rock, after drying, there are twenty stamps, arranged In batteries of tonr, 
weighing about 600 lbs. each, dropping 8 or 9 in. about sIity-Ave timoa a minute. The foundatioDa 
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and bettei^-fninie nre not essentially different bom tlicne in vet-oriuliing batteriea. The mortara 
differ from the btgb onee need Tor wet-cnuhing, ooaiiating of a bed-pieoe, with rides and ends that 
are only high ennugh to provide the meaiu of bolting tbe iron oaatiag to the woodwork of the 
lattery-frame, attaching the ecreen-framos. 

Tbe dies are flat, circular piecea of catt lion, that fit into recMUi in the bottom of the mortar. 
Eaoh die lian two lags or projections on it* pertpbery, which, being dropped into a groove in the 
bottom of the mortar, may then be revolved 9<^, nnder a flange or lip with which tbe reoeaa ia caat. 
Molten lead is then ponied in to hold the dies flnnly. When it ia desired Co remove them, quick- 
•ilvet ia ponred into tbe battery, dinolving tbe lead and loosening the dies. By retorting the 
qntoksilver both metals are reoovered. 

The discbai^ is at both sides and ends. Screensofbtsas wire-cloth are need, having 40 meahea 
to the lineal inoh, or 1600 hol«e to tbe square inch. The Btomps crush from a h«J( Ion to t ton 
ahead eachdayof twonty-foiuboun. The batteries areenoloaed by honaiags or cloaely-fltled boxea, 
whioh serve as receivers for tbe crushed material. The oarifigs are provided with doora, by meaaa 
of whioh tbe workmen can enter and remove the cmahed ore oy shovelling it into bcrrowa. 

Boatting. — The fine ore after crashing is loaated with salt in Teverbentory fnniMee. Theae am 
built of oommoD red briok. Figs. 6911, 6912, ahow the method of their eousttactton. Fig. 6911 i* 



a horizontal BBotion throDgh the line A B, Fig. 8912. His tbe hearth: D the stirring door ; <ftbe 
discharge door; G the grate; O tbe bridge; P tbe flues; p the aali-pit; J the faopppr. The 
charge consista of 1000 lbs. of ore, which Is tniied with 6 per cent, of salt, ttie latter being added to 
the charge in the hopper, by which the fnmsce ie supplied. The charge is heati'd very gently at 
first, the temperature being gradually raised, until at tbe end it is subjected to a iiigh heat. 
Usually six hours are required for the roaetins. The charge is constantly stirred, and once or twiou 
during the operation it is turned ; tbnt ia, the portion of the chai^ remote ^m the bridge is 
oauaed to exenaiige place with that which is near. 

The operation efiected by thus roasting with salt oonaists. very briefly e<prcBsed, first, in tbe 
oxidation Ot the metallic compounds, converting the sutphnrets, in which form the ulver ehiefiy 
exists in the ore, to snlpbates ; and the subsequent deoompootion of these combinations by the 
salt, with the formation of the chlorides of tbe metals. Sometimes an addition of limestone is 
made4o the charge, for the purpose of decomposing the chlorides of oopper, zinc, and so on. thus 
preventing, to some extent, tbeir subsequent amalgaDoatlan in the barrel, and obtaining bullion of 
a purer quality. 

I£*ob furnace roasting four ehargee of 1000 lbs. each, or 2 tou^ in twentj-fonr hours, consnmea 
one oord of wood. Two stirrers are employed on each twelve-hour shift, making four men in 
twenty-foar honrs. One man is required to receive and attend to the ore on the cooUiig floor, after 
its disebarge. The same man can attend lo more than one furnace. 

The icasted ore Is passed again through a screen, having 1600 boles tn the sqnare inch, In order 
toremoTe fnnn ft any lumps Mat nny have fbrmed by caking in the fhmaoe, or ccarac particles that 
may have escaped the U^tery-eereen. It is then elevated to a large hopper, placed above the amal- 
gamAting faarr^ to which latter it Is thence snpplieil by means of smaller hoppers, one of which is 
nupended over each barrel. 



Tile IwrKla ate 4 or 5 ft. it 
6913, G914, are a vertical aect „ „ - , 

Gould and Uuny Mill, llie ends oT the banel are made of phSk, fitted together and joined 



nilli a tongue of hard wood. The BtaTes of the barrela are aometimea made of e-in. rtoA; wfthont 
lining: Bomelimea, aa In llie figure the staves are 2 or 3 in. Ihiek, with au laterior lloing of blooka, 
4 or 5 in. agunre and 3 or 4 in. thick, and ao placed in the barral that the mar ia on the end of the 
grain. Tliu lining can be remoTed when worn out. The Blavrs of the barrela are bound with Iron 
hoops, the enda nf wliich are drawn together as in Fig. G915. The end* of the boml are 
■tteiigtbened b; a fonr-ermed flange of «ut iron. The barrela are oanaed to reTolve by eog-gearlng, 
the teeth being put on in H^cmenbi aronnd tlie end of the barrel ; or b; belling, or, aa at Austin, by 
friction-gear. The barrel, of which Fi^. 6913 is a section, abowa a contriTanoe for admittlDg ataasi 
to the pulp through the trunnion. This arrengement, not very common, consists of a ateeAi-pipefi, 
Fig. 6916. which enters the trunnion and llts smoolhly against the end of another pipe g, that pasaei 
through tbe end of the barrel and admita the steam to the interior. The i[ilen<n|pipe q rerolTea 
with the trunnion, while the exterior pipe pis fixed and rem ainB without DiotloD. The tninulon T 
1b kered to the flange already refened to. 

I'be barrels are charged with about 2000 lbs. of ore, mixed with water enough to make a mode- 
rately thick paste. Before adding quickmlver, the charge is reroWed for two or three liours in the 
barrel with Beveral hundred pounds of scrap iron. The object of this is to effect a partial redoctioa 
of the chloridea present, wbicli wonld otherwise be performed at tbe expense of tbe quicksilver. 
Tbe chloride of silver is portly reduced by the metolllo iron, end is subsequently anmlgamatod bj 
the quicksilver. The saiue ia true of the lead and copper. Qnicksilver is added according to tbe 
richnpss of the ore, usually varying from 230 Ibe. to 500 lbs. or more. The barrel la ran two hoars, 
at twelve or fifteen revnlutioue a minutu, and then examined, that the consistency of (he paste may 
be aacertained. If tbe latter ia too thin the quicksilver settles on tbe bottom. This condition 
ta remedied by tbe addition of more roasted ore; while if too thick for the moat favourable dlstri- 
bation of (he quicksilver, more water Is added. Tha barrel ia then allowed to revolve again for 
fourteen hours, making fifteen revolutions a mlnnte. The whole time occupied from tbe obargin 
to Uie diacha^ing of the barrel is eighteen or twenty honn. When tbe amalgamation is complete^' 
the paste ia thinned by the addition of water, and the quicksilver and amalgam are tbns idlowed to 
oolleot on the bottom of the barrel 

fielow the faurels Is a lane b^per or Risnel-abaped contrlvanoe, sloping down tKna the four 
■idet to a eonuDon centra. When a Mrrel is to be dlseharged. a small plug in the side is looaoned 
while tamed apward ; and when the bairel ia levotved, n that the plug is downward, it is drawn 
out bv band. The onlokailver and amalgam are diaoharged into the bopper, and are allowed to mn 
from llw banal until the pulp begins to follow, when the plug is replaced. When all tlie b«rre1t 
ready IbrUiat purpose are disoba^ed, tbe amalgam in the hopper is carefully collected and waalied, 
and afterward eleaned in a oommon pan like those in use In other mills for simitar purposes. Tbe 
■training of tbe qnickiilver and retorting of tbe amalgam is performed In manner simitar to that 
already deeoribed. 

After the bopper below the barrela has been cleaned of all the quicbrilver discharged into tt, 
the residue is permitted to flow from the barrels and to run down Into a large agitator, 8 or 10 ft. 
deep, and 12 or 15 ft. in diameter, in which stirring-anne are revolving. By this means the unse- 
psrated quiokiilver and »miilg KTii are allowed to settle, and the concentrations of this vessel are 
worked over in pane, while the mass of taiUnga, passing Tcom the settler, are sutfjeoted to further 
metbods of oonoentration and subaequent tzeabnent 

• b^ which silver Is obtained by tbe wet way from the vailoai o 



■rgeDtiferoiu oompoundB : pttrtiiniluljr wben tha ammmt of lead pMWnt !■ gmalli and tha prapoiUoa 
of copper IsTKe. 

Augostm 8 pnxwga was first introdooed ia 1819, bnt after « ahort time It was nipeneded by tha 
aimpler prooeu or Zierv^L 

ZiervogeFt Prooea. — The effloieDCT <^ this method dependa on the oinnuoatanoe, that when a 
flnely-powJered matt, coDiUtlngoftbeaiilphidesof copper and Iron oantoinin^a certain proportioa 
of silver, La, with proper preoantkaia, HNwttd in a roTerberatory fomace, the iron and copper fint 
pa8» into the state or Bulphatee, whiob are afterwards transformed into oxides. The aulDbide of 
silver subsequently nndergoea a aimilai tranifbnnation, and, if the roasting were oontinned, wonld 
idtimately Im reduood to the melallio state. If. howeTer, the operation Ib arretted at the proper 
etttg^ the copper and froD will have become transfonned into osidn, wlilW nearly the wliole of 
the vlrer exists aa a aoloble solphate readily removed by water ; wliich tbns affiirds a means of 
sepaiatiag that metal from the other oonatitoenta of the obarge, which are, (or the moat part, 
inaolnbleln that menitnnm. E^om the atgentifeHHU liqoon thtu obtained, the ailTsr is afterwards 
precipitated. 

The matt, after being ground between a pair of millatonea, 1 ft In diameter, made of the gianile, 
is bolted through a oiroular sieve, of tram liOO lo ISOO apertniea to the aqoare inoh, and then care- 
fully rojstod in a reverbaratory fnmace, specially adapted to the poipoae. 

The mocesB d[ this prooeas depends on the d^ree of facility with which the operation of roasting 
may be oontrolled, so aa to be enabled to seize the exact period at which the several metaltic oom- 
ponada are in tha preoise condition required. The sulphate of copper should be, hs ^ as possible, 
oonrerted into an oiide, whilst the whole of the silvsr ought ia exist in the form of a aolnble 
sulphate. Bhould tha routing be arrested before this mint has been attained, a laig;e amount of 
copper wQl ba found to remain in a solnble stale ; whilst a portion of the silver still exists in the 
fbrm of an insoluble salphide. If, en the contrary, tha roasting ia carried tco far, the sulphate of 
silver will have become ledaoed, leaving that metal in the metallic state ; which, being totally 
IiMolnble in the hut water employed for liiiviation, will remain with the copper, and become com- 



meroiaUy bat. Long practice and mnoh obaerralion are required on the part of tha workmen 
'n this prooesB. 



meroially bat I 
em^(^ea in this ^ 

Tlie roasted argentiferous matt ia taken 6om the furnace to the liiiviation dopnrtment, which 
«aaaists of a large room, in which a number of vessf Is are arranged, Fig. G9I7, and so plaoed that 
the liqoon flowing bom one are immediately leoeived in the next which follows in tha series. 

The powder to be openited on ia 
Avided into naroela, whioh are plaoed in '*>' 

the vessels A, provided with mien and 
blse bottoms \ liquor Ihtm a previous 
operalLm, together with a noall qoantity 
c«&eshmter,both heated to a tempent- 
tnre of 160° Fabr., are nm into each of 
the appei tnba thioogh the pipes a, b. 
A little solphniio ada is also employed. 
This fluid sotm permeating the ore In tha 
tubs A, takes up the sulphate of silver, 
and any other aoInUe salts present, whioh 
passing ttirongh the filter are carried in 
solution into ue tuikB, divided-intotwo 
parts. In this reaarvoir the liquors enta 
the first dinaion, and after allowing the 
matten hdd in suspension to settle, the 
solution fiowsover the partition, and from 
thence through tan tapa into as many 
tubs 0. In tbe bottom of each of these 
am plaoed 10 lbs. of cement oopper and 
250 lbs. of ocirde copper hara, by wbioh 
the tarifer proportion of the silver ia pre- 

eipltated in the metalUo form. The Ibortb reasela D of which there are five, also oontain metallio 
oopper, and in tliem ara pedpitaled any traces of silvea whioh may hnve eec^wd precipitation in 
the tubs 0. Prom these last tobs tbe spent liquon fiow off into the lead-lined cistern B ; frran 
whioh they are subsaqosntly raised by steam pressure into onotlier leaden cistern above the level 
of the flrst series of tube A, healed to a temmratura of 160-" Fahr., aud passed over a &eah obarge 
of roasted matt, introdooed inio the eeriea of disMlving veasels A. 

About two and a half hours are required to dissolve out Uie sulphate of silver contained In Moh 
charge ; and at the end of that time the residual contents of the dueolving tubs are transported to 
an a^oiuiug room, where an assay sample lo taken. fiboDld the results of this assay show that the 
amount of silver ramaining ia less tbao 00003S of the weight of the material operated on. tha resi- 
dues are plaoed aside, for (he purpose of being fiised for blutareil topper; but if, on the other hand, 
they contain more tlian this proportion of silver, they are re-roasted. 

The floelT-sifted matt, after being withdrawn from the furnace, is allowed to remain about 
eight hoiuB beFore betng introdooed into tha lixiviating tubs, and thus beoomea cooled down 
lo about 160° Fahr. before charging. Whan plaoed in the tubs, hot water is admitted from a, 
until it begins to escape from the tape at the bottom. The water is thou turned o^ and hot 
liquors troia a previous operation are introduced from the leaden cistern by the pipa b, until Iha 
liquid flowing from the cocks at the bottoms of the tuba no longer affords a precipitate of oblorids 
of diver on tha addition of a week solution of common salt. The final liquon oollected In the 
vessel E. wbcD they haffi liecome loo highly charged with sulphate of copper, ore 'brought in contact 
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with serap Inm, and tbiu afford » emppl; of oement copper, vrbioli ma; b« sabsaqnentlf employed 
in the tab* and D. 

The prooeas oT Ziermgel is, howeTer, adapted to the requlremeati of comparativelj few 
looal[tiee, ditoe the presenoa of oertuin impnritioa, oud particuFarly of aoj oonBidemble amoant 
of either srseDia or BntimoDj', gives riae to the furmatioa of insoluble Baits, which materially inter- 
fete nith the extraction or silver. 

Von Faterii's Proceit. — Thif method of eitmcting ailver from ita ores cooeista in roostine them 
with an addition of oommon salt imtil the whole of thu silver has been ttanBformed into duOTide; 
indiasniviug oot the oliloride of silver b; means of a cold dilute solutionof hyiiodulphiteof soda; in 
Drecipitating the silver in the form of sulphide by the addition of polysululiide of sodium; and 
In redocing the precipitated ealphi<le of silver to the metullic stale b; exposing it in a nKiCQe, at a 
high temperatnre, to the ordinary inSnences of atmospherio air. 

The prepared ores are subjected to a ptoceaa of loostiug in a fumaca of peculiar conitnothm, 

and a small boiler, set in brifk" — *- *'■" '■ '■-- ' ' — i.:-i. — 

whan required, be iotrodooed in 
over the surface of the roatrtiag ore. 

The mlueral to he opetated on is Introduced into tliia furnace, and the he*t slowly and 
cautiauHly raised. As aoon as the charge haa arrived at a red boat the tap is turned, end as much 
steam blown into the hearth as caa be safely introdooed without so far i^ucing Iho temperatnrs 
as lo materially oht^ck the activity of the various ohemioal decompositions which It is de^red 
to effect. At the expiration of four hours from the time of charging, the operation is Dstrally 
conpleted ; and the ore, after beiog withdrawn and allowed to ouol, is tahcn to a mill, in which 
It is ground to a fine powder, with the addition uf frata 6 to' 12 per cmt, of oommon salt, end 
2 lo 3 per oent. of sulphate of iron. A charge of this mixture, weighing 30C lbs., is tiow 
lotrodnood into a similar fumaoe, Thifl Is raised to a red heat, and the ete«n admitted as before, 
—re being ta&on to beep the contents of the apparatus ounstsnlly stirred. The temperature is now 
idualiv increased, and at tlie end of from ten to sixteen hours, according to tU» nature and rich> 
. la of the ore, the operation ia complete. 

The ^paratuB emploved for the pnrpose of solution and precipitation will be nnderitood by 
tefeieoca to Fig. 6S18, wniob lepiasents a vertioal eection of the whole arrangement. 

MIS, 



gtadualiv ir 



« leMii* di»olTed in that menstraiim. Into eac^ of the tubs A, first series, the roasted ore is 
introdiMad, and boiling water is allowed toperoolBte throngh the several charges daring a period 
afnzhonts. Bjthismeousall thesoluble»tCa enterlnto solntion, and passing throogh ueoltera, ■ 
are oonreyed by the troogh h Into laltable tanks, in which they am precipitated by lime water, 
and, if found to contain a snffldent amonnt of nlver, are snbeequently treated by funiM with lead 
' a blast fnmaoe. 
I lioDors &lllng in 

„ .jrther precipitate „ , , ^ , _. .. . . 

is eoQiidered to be finished, and cold water is paaoed through the tabs for the pnrpt«e of leduoing 
the temperatnro of the residneo, wbidi must not imtil quite oold be nihjeoted to the aotioti of tb» 
■olntion of hypoeiilphite ri soda. 

The pnlvariied or« remaining in the leTetal venels A, which has been tlini f^ead bom all th« 
diflbrent salts soluble in hot water, is now transferred to the tubs B, which, like the first, ai« 
furnished with filters and false bottoms. These are placed on a level with the tub A, between 
which and the Teasels B is ■ small railway on which ia tlie car c. The tnbe B stnnd on a low 
truok <f, which can be ran from the position shown, on to the wngon c, and afterwards mode to 
tniTerso, either backwards or forwards, parallel with and in close proximity to the line of tub* A. 
The Teasel A, after leoeivinK a charge of 200 lbs. of the residual ore from one of the tnbe A, is 
taken back to its place aod there treated with a oold oqneona solntioD of hypotulphito of soda 
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bronght from a tank by means of the troogh h\ and allowed to percolate slowly through the mass. 
In this way the chloride of silver is taken up in the form of a double salt and passes through the 
filter in the bottom of the tub into the trough d, by which it is conveyed to the precipitating 
tubs E, F. 

The time necessary for the completion of the operation is more or less influenced both by the 
richness of the ores and their state of mechanical division, the richest samples containing 15 per 
cent, of silver, requiring as much as furty-eight hours before becoming sufficiently impoverished ; 
whilst the poorer ones, affording about 1 per cent, of silver, generally require but twelve hours for 
their treatment. In the case of ores not containing above 7 per cent, of silver, one chlorination and 
liziviation is found sufficient, but when richer ores are operated on it becomes necessary to have 
recourse to two distinct processes of lixiviation, together with an intermediate roasting with salt 
and sulphate of iron. The lixiviation is known to be complete when the liquors dropping from the 
tubs no longer afford any traces of a precipitate on the addition of a few drops of sulphide of 
ammonium, and the residues are then removed, and, after being dried, fused in a blast furnace for 
copper. 

The liquor flowing through the filters in the tubs A is conducted by the trough d into the 
vessels E, F, of which there are ten, six holding 40 gallons each, and four of the capacity of 
80 ^lons. The precipitant here employed is a nolysulphide of sodium, nroduced by fusing 
common soda ash with sulphur, and subsequently boiling the product, dissolved in water, with 
sulphur in a finely-divided state. The solution thus obtained is taken in large stone jars to the 
precipitating tubs, and poured into the argentiferous liquors so long as a precipitate is produced by 
the introduction of an additional quantity. The contents of the tubs, after being well stirred, are 
allowed to settle, and a sample of the clear liquor haviiig been taken in a test-tube, a little of the 
solution of sulphide of sodium is added. 

If a dark-coloured precipitate is formed, it shows that a portion of the silver still remains in 
solution, and a further supply of the alkaline sulphide is required in the precipitating vessels. If, 
on the contrary, the addition of polysulphide of sodium has not the effect of producing a dark pre- 
cipitate, it becomes probable that too large an amount of the sulphide may have been added to the 
argentiferous liquor. In order to ascertain this fact, some fresh liquor, holding the double salt of 
silver in solution, is added to a sample taken from the tub under examination. Should a precipi- 
tate of sulphide of silver appear, fresh argentiferous liquor must be carefully added to the tub until 
no further reaction is observed. When Uiis point has been attained, all doubt as to whether the 
whole of the silver has been precipitated on the one hand, and that no excess of the precipitant has 
been employed on the other, is removed by the addition to one sample of a few drops of a weak 
solution of common saltt ana to another, of a small Quantity of acetate of lead. 

If no precipitate of chloride of silver is produced by the addition of chloride of sodium, it is a 
proof of that metal having been completely removed ; and should no discolouration take place on the 
addition, to the other sample, of a solution of acetate of lead, it shows that no excess of the precipi- 
tant lias been added. 

Six hours are now allowed for the flocculent precipitate to settle at the bottom of the tubs, after 
which the dear liquor is siphoned off into a reservoir oeneath the floor, and the black slimy sulphide 
drawn off by the taps «, /, to be placed in a fllter-bag of dose canvas. 

The spent liquors from which the sulphide of silver has been predpitated are afterwards pumped 
from the tank beneath the floor of the establishment to another above the level of the row of tubs A, 
from which they are diawn off, as they may be required, for the lixiviation of a subsequent charge 
of roasted ore. 

The pasty sulphide of silver as drawn from the nredpitating tubs is placed in conical canvas 
bags G, supported on wooden frames, and allowed to arain. After standing in the filter until it has 
coased to dnp, the pasty mass, together with the enclosing bag, is placed under a screw press, and 
the remaining moisture expressed as completely as poasible. The precipitate is now removed from 
the bag, driS, and, after being replaced in the filter, is washed with hot water for the purpose of 
removing the adhering soluble salts, of which sulphate of soda Ib the chief ingredient. The sulphide 
of silver, (Jius purified, is again dried, and afterwards heated to redness in a muffle, through which 
a ctirrent of air is allowed to circulate. In this way the sulphur is almost entirely burnt off, and at 
the expiration of about two hours the entire mass has assumed the metallic condition. 

This metallic residue is now fused, in charges of about 300 r)4., in large plumbago crucibles, and 
any traces of sulphur wliioh it may still retain removed by the audition of metallic iron, with which 
it forms a ferruginous sulphide readily skimmed from the surface of the metal. A small quantity 
of a mixture composed of wood-ashes and bone-ash is now thrown on the surface of the metallic 
bath, and this, on being carefully scraped off, leaves the fused silver in a condition suitable for 
casting into ingots. Bars produced by this process usually contain from 980 to 985 thousandths of 
silver. 

Smelting, — Cupellaiion, — The amount of silver extracted from ore by smelting is small compared 
with that produced by amalgamation ; but smelting processes are economically employed when 
advantige can be taken of the affinity which lead possesses for such ores, when in a fused state. 
Lead in this condition renders a similar service to that performed by mercury at lower tempera- 
tures. The furnace commonly employed on the continent of Europe, where the lead to be operated 
on is often subjected to cupellation without any preliminary concentration of the silver, is repre- 
sented, Figs. 6919, 6920, of which the first is a vertical section, and the second a section at the level 
of the tuyeres. 

This apparatus is a reverberatory furnace, consisting of a circular hearth A from 9 to 10 fL 
in diameter, sloping from all sides towards the centre, huilt of bricks b, set on edge on a layer 
of broken slags c. On this is laid a bed of marl a, which is firmly beaten in, when in a damp state, 
and renewed after each operation. When good marl for this purpose cannot be obtained, a mixture 
of clay and lime, or clay and wood-sshes, is employed. This bed of marl constitutes the cupel, 



whioh ii heated by meuis of fkgDti of bnuhwood burnt In tlie flre-jVUM B. The ruol ot tbi« 
ftimaoe ooiuisti of > slieet-UDn dome U, whloh may be mBpeaded by cIuudb from tbe omue D, »aA 
which ia iateniftlt j plastered with cla;. 

Tbe capetling Fiiniaoe has Sv^ „,,^ 

opeaiiiKi ; one urongh which tha 
fliune from the grate enters tha 
hearth ; two, d, through which the 
noizlea past auppljirig the blaata 
to tbe aurface of the metallic bath, 
for tha purpose of oxidizing tlie 
load, and whieb also aaaiat ia 
oarrjiDg the reiulting litharge 
towarda the annular apace before 
referred to ; the aperture E is em- 
ployed for the iutiodDCtioQ of the 
discs of lead to be cupelled ; and 
F is that through which the ftiaed 
litharge makes ita escape from the 
furnace. At the oommencemeDt of 
the operation thia last opening Is 
dosed by tbe edge of the layi^r d 
marl : but as tbe oupellation pro> 

oeed^ it ia from time to time cut f^M, 

down, BO ea to keep tbe channel 
oonatantlj at the level of the me- 
tallic bath. Tbe Utharge thua 
flowing from tbe apparatus accB- 
molatee on tlie floor of the smelt- 
ing house, where it solidifies, and 
from whenoe it it lemoTed. 

Before comaenoing a cnpella- 
tion, it is ueceaaary to prepare the 
onpel ; and for this purpose, after 
lifting the iron dome, the old cupel, 
which baa beoome Ihorongbly im- 
pregnsted with litharge, ia broken 
up and removed, in order that it 
may be passed through the blast 
furnace. Tbe brick bottom of tbe 
apparatus it aow tooistened with 
water, and auoceMlve layers of 

fluely-gronnd marl are well beaten in whllxt in a somewhat dtuu)) at*tfl. Tlie Iran covering li 
replac^ when the cupel has become snfBciently dry, and all tbe joints are well secnred by luting 
them with clay. 



The furnace to now charged with about 8 tons of load, which, to prevent iDinrj to tlis 
Dottom, is laid on a bed of straw : the fire is lighted, and the metal rapidly bef(ina to mSti, As soon 
as the fusion of tbe discs is completed the bellows are slowly set in motion, and the snTbca of the 
bath beoomet covered with a darh-coloored powder, consisting of oiide of lead, anociated with 



la impurities. These pnlremlent matters do not enter inio Audon ; but Iho refiner now and 
then throwa a ahovelful of cosl-dnat on tbe enrTace of the bath, and by the aid of a billet of wood, 
filed cnwBwiae on tbe end of an iron bar, drawa the impnre oxides towards the hole through which 
the litharge eecapea, and finally on to tbe floor of the worka. After the eipiration of a short time 
fused litharge begins to make ita appearance: bat timt at first formed, being impure, from the 
presence of ctbor oxides, ia usually laid aiiide, and not mixed with the purer desc iptioua which 
soon follow ; tbeae are generally sold for glaaa-mnking and other purposes, in pn.erence In being 
again reduced to the metallic state. The litharge produced daring the last period of the cupellntion 
invariably contains a considerable amount of nlvar, and, after being reduced to the metallio state, 
fonna s portion of the charge worked in a subsequent opeiation. 

The biMt to now sligbUT increased, and the oxidation proceeds rapidly ; small fiaps, or valve& 
being frequently fitted to tiw ends of the uonles. for the jiurpose of checking its strength, and 
distnbuting it more evenly over the surface of the fused metal. The operation to continuM in thto 
way until almost the whole of the lead has been converted into oxide; and tlie silTei, retaining 
only traces of that metal, remains in the cupel, in the form of a metallic cake. 

At the moment tbe oxidation of lead entirely ceases, a phenomenon known as the brightening 
takes place, and the operation is then known to be terminated. 

As soon as the operation ia thns perceived to have leimlnated, the refiner throws water into the 
hearth, and removes the •olidifled cake of silver, which umally still retains a eaJBdent amount of 
lead to render its lurther purification ner«asary. 

The pnriflcation of the silver obtained by the proe c w jnat dcaeribed to frequently eneotea In a 
nmll rererbetalory fbmace. of wbleh the bottom to oompoaed of bone-ash, tigbtly rammed, whilst 
in a damp state, into an iron ring, and afterwards so hollowed out aa to contein the bath of (bscd 
metal. The cupel, which must be thoroaghlv dry, and ought therefore to be prepared awne time 
beforehand, ii, whitot the furnace ia still cold, so aupporlod on bricks against abutments prepared 
for tbat pnrpoae, as to form the bottom of tbe apparatus. It is charged with abont 1 cwL of the 
iropare silver to be operated on, and the firing is continued until a bright red heat has been 



■ttajned: tbe allTer. wbloli hu by this time beoome fmed, being exposed to the osidisfaigiiifiiieiicM 
of the flame. In thie way the lend aootoinJed in the alloy becoiuei oxidized, and tbe KsoltiDg 
lithuge ia efaaoibed by tbe cupel, <^ which the temperature is BUtitAinod nntil the oiidation of all bnt 
the laat traces of lead hu been produced. When tbia point baa been attained, tbe surface of tha 
fused metal becomeg eioaedingly brilliant, and te&euts, as in a miiror, all the irregularitiea of the 
interior uf tbe crown. 

Tbe bottom of the onpel is now pierced by a pointed iron bar, and the sUver ia run out into 
moulds, previouslj heated on a ledge of the turaaoe. Id order to prevent the spirting, or v^ta- 
tion, of the bars, Uiey are oovered whilst cooling by a piece of dry wood, Kept down by a weight ; 
and in case of any irreeularitiee making their appeoiance on tbe surfaoe of tbe ingots, they are sub- 
sequently removed bj hammering. This operation altogether oocnpies &nm four to fire hours, and 
tbe reeulting l)ara usually contain from 997 to 998 tbaasandths of atlTer. Tbe actual loss of silver 
ia almost inappreciable ; but the ditninutioa in weight eiperienoed, on the crude metal from the 
cupelling furnace, is from 2} to 5 per cent. 

lu the Engliah system of treating argentifcions lead, the lend obtained by the diffireat pttK 
oeasea before described, in addi- 
tion to silver, cuntaina Tarioua 'm em. 
impnrltiea, such as tin, copper, 
and antimouj, which, when tbe 
metal is subjected to direct ca- 
pellation, are removed by skim- 
ming ; but when tbe previoua 
oonoentration of the silver by 
oiystallization is resorted to, 
they materially interfere with 
the oporBtion. and require to be 
removed by the process of cal- 
oinalion, wbicb consists in keep- 
ing tbe fused lead exposed at a 
cherry-red beat to Ibe oiidiasing 
influences of tbe gases passing 
through a reTtrbsratory fur- 
naoe. In which tbe calcination ia 
effooted. By this treBtment the 
antimony, copper, and other 
impuritiea become oxidized, 
and, rising to the surfaoe, are 
skimmed off, and removed by 
means of an inin take. The 
length of time neceasaiy tor the 
puriScatton of hard 1^ obvi- 
ously depends on tbe nature eud 
Mnount of the impurities with 
which it is anociated ; and ooa- 
sequently some varieties will be 
•nmciently softened at tbe ex- 

Sitatian of twelve hoars, whilst 
) other instanoes it beoomea 
necessary' to oonlinue the opera- 
tion during several days. The ^ 
time necessary for sufficiently 
softening the argentiferous leaa 
oblained from the Custilian fnr- 
□ace, when world ug ordinary 
ores, is aUiut thirty-six hours. 

The charge of the reverbe- 
tatory furnace, wljicb ia about 
11 tons, is flrst fused in a large 
iron pot, set in brickwork at the 
side, and is subseqnently ladled 
iutii it through aslieut-iron gnlter 
prepared for Ibat purpose. The 
amount of coats required for the 
calcination of a ton of ordinary 
hard lead is geucrally somswli^ 
less tiian 3 owt. The softened 
lead is coat into pigs, and is in 
tliut form taken to the crystal- 
lizing pots. 

Smtlliai M ^n idn.— Tbe ore 
from tlie Montezuma Iedj;a, Ne- 
vada, ia of peculiar character, em. e«it. 
ennsisling cliiefly of tlie oxides 

of lead aud antimony carrying a imnll percentiige cjt silver, averaging, by assay, about SSO a ton. 
It is sometimes hard, massive, and compact' in choraeter, while the larger proportiDn isfriublo, 
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diowlBg ft flbmni a L wt rt are. The ntethod of treatment of tbia ore pretenta some noreltioB. It ood- 

BistB of BoieltiDg the ore in B ihoft fnmaoe, b; which mekiis crnde metal is obtained, Amounting 
to 10 or SO per cent, of the charge of ore, and ooDdsting of lead, antimony, and iilvet. The ahaft 
fnmaoe employed for the emelting of the cmde ore us shown by Figs. 6921 to 6S24, Tiga. SSn, 
6322, a front and ride elevation ; Tig. 6923, a horieontal aection throni?h A B ; and Fig, 692*, a 
Terlioal section tbrongh O D of Fig 6921. The total heigbt of the fnmaee ia aboat 40 ft. The 
hearth is bnilt of atone, oat from trachytio rook that occura a few miles eoalh of the work*. Iha 
■haft ia of cdmmon brick, with a lining of flr&-briok fnnn thu hearth up tu the throoL 

G ia tiie hearth, or sole ; F the sump, or receiver, iolo nbich the metal raoa on beiaa; tapped 
from the rumBK!e; (, tuyeiee; g, blast-pipea ; A, pipes to supply water to the tuyeres; L, liQingof 
the furnace ; H, throat ; N, floor for feeding ere : S, stack. 

The capnoity of one of these fomacee ia mim 12 to 13 tone a day of twenty-four honra. The ore 
being broken into amall piece* ia spread npan tlie oLargiug floor and mixed with flnx. This aome- 
' ts of limestone, but generallT of slag, or both together. Litharge, the product of the 
.. .. jansocl wi- ' ■- "■' ' " ' - ■--' 1--,.-"- 



onpelling furnace, ia also aometimea used with Fresh ore. The ore for the charge, being mixed witl 
about 25 per cent, of floi, ia aupplied to the furnace with a sufBcieot quantity of cliarooal, tliat 
averagea about 15 buahela lo the Ion of ore. About 100 lbs. of the mixed charge and coal ia ft^ to 
the furnace at oupe, the aupplf being ooettnuoualy kept up as tlie operation of amelting prooeeda. 
The blaat ia anpplied by a fau-blower, which is driven bj the steam-engine. 

When the furnace ia in regular operation the alag ia discharged oontinuoualy, while the meta] is 
tapped oS, at intervale of an hour or two, into an iron receiver, whence it ia dipped out and coat la 
piga or ingota of oonvenieut size for further haudting. 

The yield of metal is from 45 to 50 per cent, of the ore amelted; one fumaoe amelUng 12 tone of 
ore in a day, supplying consequently about 5 tona of crude metal. The ore originally oontaioing 
^0 a ton in sUTer, yielda metal which contains from $150 to (200 a ton. The Blags an oon- 
clantlj examined. Uanally thej are quite poor, but tf found to ooutain an aTailable peroeotago of 
metal, are broken up and retomed to the furnace with a fresh chiirga of ore. 

The consumption of charooa] ia thia smelting proceaa is naually about 15 bushels to the ton, 
but aometimea eioeeda that quantity. It ia made from the nut pine. 

The refining or oalcining furaeee for the anblimation of the antimony oontained in the cmda 
metal, and the oonseqnent improvement of the lead, oonsistB of a bath or cast-iron pan, about 13 fL 
*'"■"■ . ^ . . .... ■, thick. The pan ia aet in brick- 

i. Pig. 6B2S IS a ride elevation; 
S, tnnaTene seotioiu throngh AB 



The pan lecla on a inbstantial foundation, and ia endoeed by side walla of common brioki, 
DVt 10 in. high, over which u aioh, Fig. 6828, ia turned. A narrow space ia left between the 



e end of the straotare ta a flra-pboe 



ovev the snrfMe of the meUl contained in 

he b^d^e beliind the pan, opening at the a 

futnnee and com municB ting by vertioal paasagea irith the interior, bj which means air ma; l>e 
admitted to the chai^. 'Dootb are provided Id the aide of the furnace for the purpoee of Aimmitig 
offaerost or acuto, oouiating of lead aadanlimcaj, that coUecta on the anr&oe vh lie the operation 
of oaloiniDg ia in progreaa. The ohwge ta »lio mtrodnood thro-^gh theea doors. There ia a tap 
near the end of tlie pan od one aide for the pnrpoae of draving oft the refined metala. At the base 
of the atack ia a chain lier for the co11ei?tion of tho oxidized autunonj that may oondenee in the alack 
and fall to the bottom. The nhole stmcture ia firmlj honnd together bj irons and bolta. In the- 
flgares, U is the flre-placa; H the aah-pit; 1 the bridge: J the air-channel through the briiige; 
E the pan ; L tlie apont; M the openiuga for putting in and worfaing tho charge; N the doora; 
O the chamljer at boee of atacli for the accnmnlation of the oxidized antimony. 

To Bet tbis furnace in operation Ihe metal ma; be first melted and introduced ins fuaed atitte 
to the pan, or. what ia more oummon, the pan ia heated tu rednew and the pi^ of crude metal are 
laid upon the pan-bottom, wlien melting enauea. The fire may be qoita moderate, the only foel 
lued in this caae bein^ sa^ bruah. The antimony is oxidizerl and paaaea up the stack, a port te 
eeoape, a part oondenaing in the ohimnejr. The charge of the pan at the outaet is aome 6 or 8 ton^ 
but aa the molten metal diminiahe* in bulh by the auhlimation of the antimony new ban are 
added to keep up the supply. A ecum colleota on the aurfaoe of tlie molten meUl, which ia removed 
by Bcrapert from time to time. This conaiata chiefly of lead And antimony nilh Tery little ailrer. 
While Cbii refining prooeaa waa atill pruciioed at the works, these akimmings were ooUeoted, 
reiaeltod, and caat m bars to be sold for type-metal, Babbitt-meUtl, and other purpose*. The alloy 
oonaiated of 71 percent of antimony with 29 per cent, of lead. 

The lead in the pan is gradually enriched by thia method of oonceutratioD, andaasaya are taken 
from time to time, usually at iulervnls of twelve liours, fur the purpose of watobiug the progress of 
Die operation. When the vBlne of the lead has been brought up to abonl $350 or $100 a ton, it is 
drawn olT io mnulda, and t)ien aubiected to treatmant in the cupel furnnce. 

The oupelli'Lg furnace is of the kind commonly uaed in England. Figa. 6939 to 6931 show 
the method of ita construction. Fig, 6929 ia a aide elevation : Fig. 6930, horizontal section on the 
line A B of Fig. 6929, and Fig. 6931 ia a vertical seclion on the lino C D of Fig. 6930. F is the 
fire-plaoe; O the aah-pit; H Uie bridge; I the test-ring, or hoiirth: J tlie tuyere; E, K, (npportliig 
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The hearth miuists of boneewtb, prepanil from the bonss of catUo. The bonee ue burned 
and then pnlrerized in the Bt«mp-mill, and being mnisleiied with water that ooutaiiu a little 
alkali, leachod from wood-ashea, the maaa 
is beaten oompactlf into the teet-ring. 
Thu JB oval in form, being 4 ft. long b; 
8 ft wide. It la a rim of iion 7 or 8 in. 
deep, having baia aoniM the bottom to 
tostain the nearth of bone-earth. The 
latter being piepaied in the rim it ia very 
oarefnllv dried, and the ring is then in- 
ttodueea into the oupel ohamber, sup- 
ported npon sorewi, by meani of whioh 
It maj be eluvated or lowered, or inolined 

in one direction or another. When pro- • 

perlj adhiBted, it a heated, very gentlj 
at flrat, in rder to avoid sracjdng. The 
beat from lbs flre-plaoe paiaea over the 
bridge into the cupel oluimber, and thence 
by the flnea to the itack. When tbe 
hearth ii well heated the lead is placed 

npon it, and a blait of air ia introdooed i 

M meana of a ^-blower and tnyere. 

Tbia acting npon the aarfooe of the lead, the metal ia oiidixad, and the reanlting litharge la allowed 
to ran off through gutters Dude for ita paHace, in the anr&ce of the hearth, into venela placed 
below for ila reoeption. A* the lead ii gradually oxidized, beah auppliee of metal are introdooed, 
either in the form of pigs or in a molten itate^ the tan N being pronded for tbe purpose of radng 
the metal if desired. Bf this means the metal on the hearth Is conatantly enriched, and when the 
button of aooomulated nlvca baa beoome as la>|^ aa may be desirable, the addition of lead la dis- 
oontinued and the oxidation carried on until tbe lead is nearly all lemoTed, tearing a mass of silver, 
of a high degree of flneiwae, npon the hearth. The litharge prodnoed by thu operation oontalns some 
■ilrer. Tbe richer portion fs retomed to the abaft fnmaoe and mixed with the char^ of freah ore. 
SineltiM M 5iMdni. — At the 8ela mines tbe ore is obtained in the form of argentifbroua galena, 
with whioli ia found a variety of other metallic sulphides, aa pyritea, line blende, and ao on. The 
ore, afletbeing oarefully sorted, washed, and stamped, is paxtially treated in a blait to a first 
AneltinE^ It m afterwards operated upon in two blast furnacea, aimilar to tliat repreaenled in Figs. 
6932, 6933. The hearth is made of bissqtie, and ia prolonged outwards and forwarda, thus forming 
a fore-hoHTth. The cliarge ia oompoeed of the 

richeatore from the first ontBhing. aud of the slimes **^^- **** 

from the washiof; prooeas, logether with tbe re- 
gulua obtained from the first smeltiog end that 
oeriTed aa a by-product during the second smelt- 
ing, the regiiluB having been first oaloined in an 
open kiln. Formerly Uie ores also were subjected 
to a previoua culcination. bnt Uie ores are now 
■melted in a raw state. It is from tbeae snbstanoee 
— stuff, slime, and regulns — that the argentiferous 
lead obtained in this procen is derived ; other in- 
gredients being introdnoed partly to prodnoe a 
good foiiUe alag, and partly to assiBt in freeing 
the metala from their combination with sulphur. 
For the formation of a stag, tlie proportion of 
whioh must bear a proper relation to the produc- 
tion oF metal and regulua, there is added some 
easily fusible alag, oontiiining leaa lime ond more 
protoxide of iron aa bases, such a slag as that ob- 
tained from the lead smelting. Thechicf points are, that it fiow easily, and tbat It contain sufflelent 
protoxiile of iron ; hen<% it elioold be oompoeed of tribeaic eiliixt^, because the preaenoe of a 
greater proportion of eilica io the slag increases tho lose both of tbe eilrer and the lead. To Hsaist 
in reducing the lead from ila sulphuretti d condition, metallio iron wss formurly emplnjed ; but 
it has been found that the nee of it mny be dispensed with by iotroducing a proper admixture of 
iron pyrites in sdditiou to the regulns from the lead and the raw-smelting ; both tbe pyrites and 
tbe regulns having been previously oalcined, tbe sjnount of protoxide of iron which tbeee contain 
appeara to be aufBoient to assiat the reduction and to induce the formation of a good slag. These 
BubataucBs are charged in the following proportions ; — 

Puu. 
Stnffore-oontiUningODan average fromO'lSJ to 0-2S^of ulver,and 11^ to SlXt .m 

oflead -^ ■■/ 

Slimesfrom the washing, containing CD an average from0-2^lo0'25;i of silver,! .j, 

and from 23S to Sll of lead / 

Roasted regulus, containing about ' 125J of ulver M 

Roasted iron pyrites 18 

Slag&om previous lead-amdting 750 

To which are added the nld cupel hearths and litharge derived from the cupel. The product of this 
smelting oonstBts of ore-fumace lead containing an average of B6 per cent, of silver, regulus, a 
■lagi. The lead is cupelled and the silver refined in an ordinary way. 
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PattinaorCs Process. — This prooess 10 founded on the oiromnstanoe, first noticed in the year 1829, 
by H. L. PattLDSon, of Newoastle-on-lVne, that when lead containing silyer is melted in consider- 
able quantities in suitable yessels, allowed slowly to cool, and at the same time kept constantly 
stiiredl at a temperature near the melting point of lead, metallic crystals begin to form. These sinK 
to thebottom, and, on being remoyed, are found to contain much less silyer than the lead originally 
operated on. The still fluid portion, from which the crystals haye been thus remoyed, will at the 
same time be found to be proportionately enriched. 

This operation is usually conducted in a set of from 9 to 12 pots, which, if worked by hand, 
each contain 6 tons of metsl ; or, if cranes be employed, are 5 ft. 4 m. wide and 2 ft. 6 in. deep, and 
contain 10 tons of argentiferous lead. Each of these pots, Figs. 6934, 6935, is proyided with a 
separate flre-place, the heat &om which is made to pass around it by means of a wneel flue, which 
can be closea at pleasure by a damper ; the products of combustion finally escape into a large 
arched flue parallel with the line of pots. 

eoai. 




6935. 




We will suppose that the lead under treatment contains about 20 oz. of silyer a ton, and & 
introduced into pot 5, Fig. 6934. This metal when fused is carefully skimmed with a perforated 
ladle, ani the fire at once withdrawn. The cooling of the metal is now hastened by sprinkling 
water on its surface ; and whilst the temperature is being thus lowered, it is kept constancy stirred 
with a chisel-pointed iron bar, called a slica All those portions which beoome solidified, and 
adhere about the side of the pot, are also remoyed and forced under the surface of the metal, in 
order that they may again become melted. Under this treatment, crystals soon begin to make their 
appearance ; and as they fall and accumulate at the bottom, tliey are remoyed by means of a large 
perforated ladle, in which, after being well shaken, they are first allowed to arain oyer the pot 
whence they haye been taken, and afterwards carried oyer to the next pot, 6, to the left of the work- 
men. This operation is continued until about two-thirds of the lead originally present in pot 5 has 
been transferred into the form of crystals to pot 6, at which period the lead remaining in pot 5 
will contain about 40 oz. of silyer a ton, whilst that transferred to 6 yields only 10 oz. The rich 
lead in the bottom of 5 is now ludled into the pot 4 next on the right. 

In this way a fresh supply of calcined lead is constantly introduced, the resulting crystals 
passing continually to tbe4eft of the feeding pot, whilst the enriched lead, remaining in the bottom, 
IS ladled into the pot on the right. Each pot in succession, when it has become filled with metal 
of the proper proauce for silver, is in its turn crystallized; the poor lead passing to the left, and 
that which has beoome enriched to the right in tne series. By tnis means the crystals obtained 
from the pots to the left of the feeding pot gradually beoome depriyed of their silver, whilst the 
rich lead passing to the right is continually enriched. The fined result therefore is, that at one 
end of the line of kettles the lead contains but little silver, whilst at the other extremity it becomes 
exoeedinely argentiferous. 

The aesilyenzed or market lead obtained by this process should never contain aboye 12 dwt. of 
dlyer a ton, and is finquently much poorer, whilst the rich lead is sometimes so concentrated as to 
yield 600 oz. a ton. This rich lead is passed to the refining furnace for cupellation. 

The ladle empbyed, when manual labour is made use of, is 16 in. in diameter, 5 in. in depth, 
and pierced with ^-in. holes When cranes are employed, the ladles are 20 in. in diameter, 6} in. in 
depth, and are pierced with holes | in. diameter ; thickness of iron, ^ in. ; length of ladle, 9 ft. 4 in. 
The large baling ladles used for turning back the bottoms are 14 in. in diameter and 8 in. deep, and 
have a handle 7 ft. long. 

Two orystallizers are employed in working each pot, and one fireman eyery twelve hours is 
required for each set. By the use of cranes a lO-ton pot can be worked as quickly, and at the same 
oxpense for labour, as a 6-ton pot by hand ladles. 

Fig. 6934 is a plan, and Fig. 6935 an elevation, of a set of Pattinson's pots, fitted with cast-iron 
cranes arranged according to the most approved system , 1 to are working pots, and 10 the market 
poCk oat of wbich the desilverized lead is IndLed into moulds; and which, from only receiving the 
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erystalB fit>m 9, and not having a bottom of enriohed lead left init, haa only two-thiidsthe capacity 
of the other pots. 

A long aah-pit A extends the whole length of the set, and is partially covered by the iron plat- 
form B, supported on iron pillus. The fire-places a are providea with iron doors. 

When, during the operation of taking out o^stals, the perforated ladle becomes chilled, it is 
heated to the proper temperature by being dipped into the pot of hot lead into which they are 
turned over. 

In order to work by the aid of this anangement, the potman sinks the ladle sidewise to the 
bottom of the kettle, and having turned it over, so as to be full of crystals, he attaches a hook to 
tiie orofls-handle a' of the ladle, Fig. 6934, which is then withdrawn by the other workman tumiug 
the winch. 

In doing this, the iron shank slides over the roller 6, at the end of the crane d and as soon as 
it Is withdnwn nom the fused melal, the first workman, who guides the handle during the opera- 
tion, slips it into one of the chedu c, at the back of the crane, where it becomes firmly secured. 
The ladle, full of crystids, is Ihus suspended over the pot from which it has been withdrawn, and 
after being allowed a short time to drain, it receives a few shakes by jerking the iron handle. The 
oiane is now swung round, the shank slipped out of the catoh, and the crystals deposited in the 
next pot on the left. This is continued until the necessary amount of crystals has been witiidrawn, 
when the rich lead remaining in the bottom is taken out, in the same way, by a ladle without 
perforations, and turned over in the next pot on the right. In some establishments the lead 
wmaininp in the bottom of the rich pot 1 is further concentrated by allowing it to cool to the crystal- 
lizing pomt, and then pressing it with the convex side of one of tlie large peribrated ladles. The 
still liquid alloy is thus made to enter the bowl througn the holes with which it is pierced, and is 
taken out with a smaller unperforated dipper. The lead thus obtained will evidently be richer 
than the crystals remaining in the kettle. 

Asaay of Silver. — The assav of argentiferous galena is, in England, usually conducted in a 
wroughi-iron crucible of plato iron, of good quality, turned up in the fbrm of a crucible, and care- 
fully welded at the edges ; the bottom is closed by a large iron rivet, securely welded to the sides, 
and the whole finished by the hammer on a properly-formed mould. To make an assay in a 
eruoible of this description, it is first placed in the assay furnace, and heated to dull redness; and 
when it has become sufficiently hot, 400' grains of the pulverized ore, intimately mixed with ita 
own weiffht of soda-ash, about 80 grains of pearlash, ana from 8 to 10 grains of charcoal powder, 
or lamp-blabk, are introduced by means of a long copper scoop. With certain varieties of ore, the 
addition of a small quantity of common salt, or fluor spar, is found to be beneficial for the pro- 
duction of a thoroughly liquid slag; fiuor spar being particularly advantageous in the case of 
highly silioious ores. On the top of this is placed a thin layer of dried borax; and the crucible, 
which, for the introduction of the mixture, has been withdrawn from the fire, is at once replaced 
in the furnace. At first the contents of the pot boil somewhat violently, and therefore, in order to 
avoid loflSj the crucible should be made of sufficient capacity to prevent any portion of the mixture 
being projected over its sides. At the expiration of from eight to ten minutes, the ingrediento in 
the crucible will be observed to be in a state of tranquil fusion ; and the pot must now be removed 
from the fire, and ito contents briskly stirred by means of a small iron rod, fiattened at the end in 
the form of a spatula. Any mattcnv adhering to its sides are also scraped downward into the 
bottom of the pot, which is replaced in the furmuse, and, after being closed with an earthen oover, 
is, during three or four minutes, heated to full redness. 

The crucible is now seised by a strong pair of bent toqgs on that part of its edge which is opposite 
to the lip; and, after being removed from the fire, ito contents are rapidly poured into a cast-iron 
mould, having internally the form of an ordinary egg-cup. The sides of the pot are now carefully 
scraped down with the chisel-edged bar before referred to, and any adhering particles of lead and 
slag are obtained by sharply striking the edge of the crucible i^ainst the top of another cast-iron 
mould, similar to that into which the assay was first poured, wnen sufficiently cold, the contento 
of the mould are readily removed bv merely turning it over ; and the metallic button, after being 
separated from the adhering slag, is carefully cleaned by means of a hard brush, and weighed, in 
order to determine the percentage yield of lead. When a metallic shot has been obtained in the 
aeoond mould, it must be freed from adhering slag, and weighed with the larger button. The 
alloy thus obtained is cupelled, in order to determine the amount of silver which it contains. 

Ores of silver, in which that metal existo in the form either of oxide, sulphide, or chloride, in a 
gangue principally consisting of silica or of carbonate of lime, are usually fused with a mixture of 
litharge and oaroonate of soda, to which a small quantity of finely-powdered charcoal is added ; 
and by this means a button of alloy is obtained, which is subsequently treated by cupellation. 

The proportion of litharge to be employed for this operation must be varied in accordance with 
the circumstances of the case, as the resulting button of alloy should not be too rich in silver, since, 
in that case, a portion might be lost in the ungs ; neither should it, on the other hand, be too poor, 
as the cupellation would then occupy a long time, and a loss through absorption be the result In 
ordinary cases, where the silver principally exists in the form of chloride and sulphide, and the 
quantity operated on is 400 grams, a button of alloy weighing about 200 grains will be a con- 
venient amount for cupellation. Such a result may generally be obteined by the addition of 800 
grains of litharge, 400 mins of carbonate of soda, 150 grains of borax, and from 7 to 8 grains of 
nnelv-powdered charcou. The whole is to be well mixed, and introduced into an earthen crucible, 
of which it should not occupy more than one-half the capacity. 

The crucible is now placed in an assay furnace of the usual form, care being taken to withdraw 
it from the ilre as soon as a thoroughly liquid and perfectly homogeneous slag has been attained. 
When H has sufficiently cooled, the crucible is broken and the metallic buUon obtained, which, 
after being properly cleaned, is passed to the cupel. When a great degree of accuracy is required, 
it is always oest to' break the pot ; but when numerous assays have to be made on ores of nearly 
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the same tennrOi the assay is sometimeB poured into an iron mould, and the craoible is employed 
for making other fusions. In this, and au similar cases, it is, of oourae, essential to ascertain, by 
previous experiment^ the proportion of silver contained in the lead obtained by the reduction of the 
titharee, in order to obtam the necessary data for calculating the requisite deduction to be made 
from tiie results afforded by cupellation. When, however, very poor litharge is made use of, the 
resulting lead contains so small an amount of silver that, for some oommerciaTpidrposes, its presence 
may be disregarded ; generally speaking, however, the aseayer, on the receipt of a fresh supply of 
that reagent, ascertains, by means of careful assays, the proportion of silver which it contains, and 
maJces the necessary correction on each assay in which it is employed. 

Argentiferous minerals containing a considerable amount of copper may be generally assayed by 
thid process, since the amount of that metal which enters into combination with the lead producea 
IB comparatively small, and the resulting button of alloy admits of being readily cupelled by the 
addition, when necessary, of metallic lead. When the mineral to be assayed contains a large pro- 
portion of metallic sulphides, the addition of charcoal, or any other reducing agent, becomes unne- 
cessary, as litharge re»lily attacks all the simple ana complex metallic sulphides, oxidising their 
constituents, with the exception of the precious metals, which form an alloy with the lead set free. 
The slags resulting from this operation contain the excess of litharge added, and the button of alloy 

SroducS is subjected to cupellation. The proportion of oxide of lead to oe added to ores of this 
escription varies in accoiai&noe with their composition, but it should in all cases be pi^esent in 
decided excess, since, should the sulphides not become completely decomposed, the whole of the 
silver will not be concentrated in the resulting button of alloy. For the successful assay of pure 
argentiferous iron pyrites, as many as 50 parts of litharge are required, whilst for mispickel, blende, 
copper, pyrites, grey cobalt, and sulphide of antimony, from fifteen to twenty times their weight 
may be employed. 

It must, however, be remembered that earthy and silicious gangues usually constitute a large 
proportion of the bulk of the ores operated on, and consequently these excessive amounts of litharge 
aro, in practice, seldom requisite. One of the chief objections to this method of assay is the large 
amounts of lead that are produced for cupellation, since pure iron pyrites aflbrd 8*50 parts of this 
metal, whilst sulphide of antimony and grey copper oro yield from 6 to 7 ports. 

This inconvenience may be obviated oy effecting the partial oxidation of the sulphides, either 
by roasting or through the aid of nitre, by the skilful use of which a button of almost any required 
weight may be obtamed. If this reagent is employed in excess it determines the oxidation of the 
various metallic and other oxidizable substances present, net idwa^s excepting silver itself. When, 
however, the mixture at the same time contains an excess of litharge, and nitre has not been 
added in sufficient quantity to effect the decomposition of the whole of the sulphides present, 
reaction takes place between the portion of sulphide undecompoeed and the oxide of lead. added. 
This gives rise to the formation of a button of metallic lead, which, combining with the silver, 
affoitls a button of alloy suitable for cupellation. The amount of nitre requirea to be employea 
for this purpose necessarily depends on tne nature and richness of the ore operated on, but it must 
be borne in mind that 2' 5 parts of nitrate of potash are sufficient to completely oxidize the con- 
stituents of iron pyrites, and that 1*5 and 0*70 parts respectively are, in tne case of sulphide of 
antimony and galena, suSfficient for this purpose. 

When the ores contain a large proportion of sulphides, it is generally found most desirable to 
conduct the assay on the mineral after calcination. The roasting of the pulveriied ore is best 
effected in a shallow scorifler, or earthen dish, into which a weighed quantity of the mineral to be 
operated on, generally 400 g^ins, is introduced, and then carefully roasted in the muffle of a 
cupelling furnace. For this purpose the scorifler and its contents should be first placed in the 
mouth of the muffle, and kept constantly stirred with a thin bent iron rod ; care being taken to 
commence the operation at a low temperature, since, from their great fusibility, such ores would be 
otherwise liable to agglutinate. Ajb the calcination progresses, the scoriner may be gradually 
pushed &rther into the muffle, and thus subjected to successively increasing temperatures ; as soon 
as sulphurous vapours are no longer evolved at a full red heat, the scorifler and its contents are 
withdrawn and allowed to cool. The ore, when sufficiently cold, is carefully removed from the 
earthen dish, and mixed, on a sheet of glazed paper, with the fluxes requisite for effecting its fusion, 
and the reduction of the quantity of lead necesBary for cupellation. When the amount of mineral 
operated on is 400 -grains, there should be added soda-asn 400 grains, borax 200 grains, litharge 
400 erains, and charcoal 10 to 12 g^ins. The whole is now introduced into an earthen crucible^ 
fiised with (he usual precautions, and the resulting button of lead passed to the cupel. 

This is a simple and convenient method of assaying ores containing the precious metals, when 
Lige quantities of metallic sulphides aro present The process consiBts in subjecting the finely- 
paWerized minerals, mixed with granulated lead and placed in a saucer-shaped earthen vessel or 
scorifler, to the action of a bright red heat in an ordinary assay roufl9e. A portion of the lead is 
thus converted into litharge, which, as fsAt as it is produced, combines with the various silicious 
and earthy constituents of the veinstone, forming slags, in which the other metallic oxides pro- 
duced aro taken up, whilst the silver and gold form an alloy with the lead romaining at the close 
of the operation. The scoriflers employed for this purpose should be made of well-beked close- 
grained fire^day. It is necessary that they should be compact in their structure in order Jto resist 
the corrosive Mstion of the litharge, and that they should be capable of withstanding sudden 
changes of temperature without breaking. 

A number of these scoriflers, corresponding to that of the assays to be made, are selected, and 
into e.tch are introduced 100 grains of powdered raw ore, intimately mixed with from Ave to eight 
times its weight of granulated lead, and a small quantity of dried borax. In all cases, however, 
the lead should be added in excess, as the resulting slags are thereby rendered more liquid. The 
granulated lead used for this purpose should, if possible, be almost entirely free from silver, but 
this ia dLffloult to obtain, and wnen it cannot be procured it becomes necessary to estimate before- 
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hand the amount of silver contained in the lead employed, and to make a eotreeponding deduction 
ixom the weight of the button afforded by cupellation. 

The eooriflen, after being duly charged with the ore, lead, and boiaz, are taken to the furnace 
and introduced into the muffle, which has been previously brought to a full red heat. Their intro- 
duction at first considerably reduces the temperature of the furnace, and some pieces of charcoal 
should be placed in the opening of the muffle for the purpose of again raising the heat to the proper 
point. The muffle door is now closed, and in the course of a few minutes the lead enters into nision, 
whilst white vapours are observed to rise from the assay, and the formation of litharge rapidly tiJces 
place. In proportion as the borax fuses, and the quantity of litharge increases, the contents of the 
scorifler sotten ; and as the temperature becomes more elevated, they enter into fusion, whUst the 
lead accumulates in the centre in the form of a large metallic globule. 

When the assays have reached a bright red heat, which is usually the case in horn ten to fifteen 
minutes from the commencement of the operation, the stopper of the muffle is removed ; and the 
current of air which now enters causes the oxidation of the lead to proceed more rapidly. In pro- 
portion as the litharge accumulates, the slag formed by its combination with the eurthy, silicious, 
and otlier matters contained in the ores, increases in quantity, and gradually extends itself over 
the whole surface of the lead. The door of the muffle is allowed to remain open about fifteen 
minutes, at the expiration of which time it is again closed, and the temperature is raised for about 
five minutes to full redness, for the double purpose of rendering the scorin as liquid as possible 
previously to pouring, and also to facilitate at the same time the reunion of any disseminated 
globules of metallic lead. 

The scorifiers are now withdrawn bv means of proper tongs, and their contents rabidly poured 
into moulds. When sufflciently cold, the buttons of lead are detached from the adhering slags by 
being haounered on a small anvil, and are then passed to the cupel. When this operation has been 
successfully conducted, the resulting buttons of allov contain, practically, the whole of the precious 
metals present in the ore. It is, however, essential that the slags should be perfectly and uniformly 
liquid at the time of being poured into the moulds, for should they either be pasty or contain 
imperfectly-fused lumps, a portion of the mineral will remain unacted on, ana small metallic 
buttons mav either be enclosed in the unfused part, or remain attadied to the scorifler. 

When, in spite of the temperature of the muffle and the other conditions of the process having 
been carefully attended to, the slags do not become sufficiently liquid, it is necessary to introduce 
an additional Quantity of borax, and in some cases a little nitre may be added with advantage. 
Sometimes, altnough rarely, it is found necessary to stir the slags with an iron rod, for the purpose 
of dividing any lumps that may have been fcnned, and to incorporate them with the more liquid 
soonn. 

The cupellation of the buttons of argentiferous lead is conducted as described when treating of 
the assay of auriferous compounds, but as silver is at high temperatures more volatile than gold, 
the beat reqXdres to be more carefully regulated than is necessary in the case of gold ores. In 
making all oupellations, it is necessary to bear in mind that a cupel is only capable of absorbing 
about its own weight of litharge, and consequently a test should always be employed a littie 
heavier than the button of allov to be subjectea to the operation. 

The results obtained are also to a certain extent influenced by the temperature at which the 
cupellation has been conducted, and consequently all assays are liable to a smaJl amount of error. 
If the muffle is too strongly heated, the silver becomes perfectly reflned, but experiences a small 
amount of loss through sublimation and the absorption of the cupel ; whilst, on the contrary, when 
the temperature has not been sufflcientiy elevated, the button is liable to retain a smell portion of 
lead. These two causes of error, existing at the same time in aU cupellations, are often found in 
practice to nearly neutralize each other ; although, in order to obtain uniform results from the same 
alloy, it is necessary to employ various minute precautions, both with regard to the tempcxatuze of 
the muffle and the condition of the cupels employed. 

When, however, the amount of leaa employed has been sufficient, the cupel is perfioctiy dry. Is 
made of fine and well-prepared bone-ash, and the cupellation is conducted at a full cherry-red heat, 
the results obtained will, in almost all cases, be found of a satisfactory character. If the resulting 
buttons of silver be large, they should not be abruptiy withdrawn from the muffle, but be gradually 
drawn towards its mouth, since their sudden removal might cause them to spirt. In the case of a 
very large button being obtained, it is sometimes found advantageous to cover it, immediately after 
brightening, and before its removal from the muffle, by another cupel kept hot for that purpose. 

^hen it has sufflciently cooled, the metallic button is seized laterally between the jaws of a pair 
of strong pliers and tightly squeezed, for the double purpose of loosening it from the cupel and 
detaching any adhering litharge. The button is then cleaned by the aid of a stiff brush, and 
weighed in a delicate assay balance. When, in addition to silver, the mineral under examination 
contains gold, the button obtained on the cupel is first weighed, and its weight noted; it is then 
flattened, dissolved in nitric add, and the gold also weighed; tiie difference of the two weights 
thus coneuxmds to the amount of silver present in the assay. 

The weight of mineral employed for making an assay is, to a great extent, regulated by the 
amount of. silver which the ores are supposed to contain. In GomwalL for assays of aigentiferous 
galena, the quantity operated on is ollen 1 os. avoirdupois. In Nevada, 200 grains are commonly 
made use of, and the contents of the oruoible are often poured out into an iron mould. Scorifica- 
tioDs am not easily conducted, in the common muffle furnace, on much above 100 grains; but for 
assays of an ordinary silver ore by fusion, 400 grains are convenienUy employed. 

For commeioial purposes, the silver containiBd in any given mineral is in England estimated in 
oc, dwl, and gr.. 1 ton of 2240 lbs. avoirdupois being taken as the standard. 

The details of the various methods for the reduction of silver ores are to a great extent modified 
in accordance with the reeonroes of the districts in which they are employed, and consequenUv even 
a brief notioe of all of them would have occupied more space than was at our disposal for the 
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purpose. We have therefore confined onrselyes to desoriptioxxs of the more important and general 
methods, and of such as can be taken as types of the several systems which they represent. See 
FuBNACE. Gold. Lead. Ores, Machines and Procesaes employed to Dress, 

Works relating io the subject ; — Lambom (Dr. B. H.), * The Metallurgy of Silver and Lead,' 12mo, 




by J. D. Hague and Clarence King, 4to, with atlas, Washington, 1870. Raymond (R. W.), ' Sta- 
tistics of Mines and Mining/ 8vo, Washington, 1869^72. 

SLEEVE. Fb., Manche; Geb., Helm; Ital., Monica; Span., Dedal largo. 

In machinery, a sleeve is a tubular part, resembling in form or position the sleeve of a coat, to 
cover, sustain, or steady another part tluit moves withm it. A long bushing or thimble is called a 
sleeve, as in the nave of a wheel. 

SLOTTING MACHINE. Fb., MachiM h bttrmer; Geb., Stossmaschine ; Ital., Pialla verUoak; 
Span., Mdquina para hacer mueacas. 

See Maohike Tools. 

SPINDLE. Fb., Broche; Geb., Spmdel; Ital., ACberetto; Span., Huso, 

A spindle is a slender pointed rod or pin upon which anything turns ; an axis, or arbor ; aB, the 
spindle of a vane, a pinion, or a capstan. The dead spindle is the arbor of a machine tool that does 
not revolve ; the spindle of the tail-stock. The Ivse spindle is the revolving arbor of a machine 
tool ; the spindle of the head-stock. 

SPIRAL-WHEEL. Fb., Boue h^Ucoidale; Geb., Spiralrad; Ital., Rmia eliooide; Span., Ruech 
espirai. 

See Meohanioal Movements. 

SPUR-WHEEL. Fb., Roue denize; Geb., Sttmrad; Ital., Ruota dmtata- Span.^ Rueda d§ 
engranaje. 

See Meohanioal Movements. 

SQUEEZER. Fb., Machine h dngler; Geb.. PrtfMf ; Ital., Strettoio del ferro; Span. Apre- 
tador. 

See Blooming Machine. Iron. 

STATIONARY ENGINR Fb., MacMns fixe; Geb., Stationaire DampfmascMns; Ital^ 
Macchina fissa ; Span., Mdquina fija. 

The stationary engine Is the most perfect form of the steam-engine we possess. In the locomo- 
tive and the portable types, by reason of the conditions which they have to fulfil, it is impossible 
to appl^ manv of those means by which steam, and consequently fuel, is economized, and tiie 
efficiency of the engine increased. In the stationary engine, any and all of the means by which 
these objects may be attained may be adopted, because the conditions under which it works admit 
of any modification being effected in the form or the arrangement of the various parts. Hence we 
find, in this type, economy of steam carried to its highest degree, and the most successful modes of 
applying it advantageously. It is for this reason that the discussion of certain improvements in 
the steam-engine has been reserved for the present article, which improvements, though applied to 
some extent to other types of engine, yet originated in this, and belong more properly to it 

Stationary engines are of two kinds, called respectively low-pressure and nigh-pressure engines. 
These terms do not refer to the initial pressure of the steam in the cylinder, but to its finsJ 
pressure. The terms are, however, inappropriate, since they do not express the distinctive dif- 
ference between the two varieties of engine. Tiiis difference may be briefly expressed as follows ; — 
The high-pressure eng^e discharges its steam directly into the atmosphere ; and consequently the 
steam on leaving the cylinder must possess an elastic force equal to at least 15 lbs. to the in<^. 
The whole of this foroe is of course wasted. The low-pressure engine condenses its steam and 
discharges it as water, and consequently the pressure of the steam on leaving the cylinder may be 
much less than that of the atmospliere. Thus a large proportion of the steam wasted bv the high- 
pressure engine is utilized. The terms condensing and non-oondensing would therefore be far more 
appropriate than low and hi^h pressure. 

The condensing engine is provided with a separate vessel to condense its steam in ; this vessel 
is called the condenser, and is in direct oommunication with the cylinder. When the piston has 
completed its stroke, the exhaust-port is placed in communication with the condenser, into which 
the steam at once rushes. To condense it, a jet of cold water is made to play constantlv inside the 
condenser, and the latter is kept cool by being surrounded with cold water. To eflfeot this a pump, 
called the cold-water pump, is applied to the cistern in which the condenser is submerged. The 
cold water thus supplied nas a tendency, firom its comparative weight, to sink to the bottom, while 
the warm portion rises to the surface, and flows off through a waste-pipe. To remove the injected 
water, with the water resulting from the condensation of the steam, from the condenser, another 
pump is provided, called the air-pump, because it removes at the same time the air which entera in 
a fixed form with the water, and which is liberated by the heat of the steam. This air, if allowed 
to remain, would vitiate or destroy altogether the necessary vacuum. It is most necessarv for the 
efficient operation of the engine, that the state of the vacuum in the condenser should be at all 
times known. For this purpose an indicator is adopted, called the barometer gauge, forming one 
of the most important appendages of the condensing steam-engine. 

This instrument, as its name imports, is a common barometer ; but the top of the tube, instead 
of being dosed, is made to communicate with the condenser. The atmospheric pressure acting, 
as usual in barometers, on the mercury in the cistern, presses a column of mereury up the tube. If 
the vacuum in the condenser were as perfect as that which is at the top of the barometric tube, 
then the column of meroury in this instrument would stand at exactly ^e same height as in the 
common barometer ; but as this is never the case, there is a difference of height which is due to 
the pressure of uncondensed steam and air, which, notwithstanding the action of the air-pvmp^ 
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will always remain in greater or less (jnantity in the condenser. The diiEerence, therefore, between 
the height of the column of meroury in the barometer gauge communicating with tiie condenser, 
and in a true barometer placed near it, will give, in inches of meroury, the pressure which reacts 
upon the piston against the steam. In well-kept engines, the barometer gauge is seldom more 
tlian 2 in. below the true barometer, which would give a pound to the inch for the pressure 
reacting on the piston. If the barometer gauge stand too low, it indicates the presence either of 
condensed vapour or of air in the condenser. This may arise either from too little or too much 
water being thrown in by the condensing jet. If too little be thrown in, the condensation will be 
imperfect, and uncondensed vapour will lower the gauge ; if too much bo thrown in. an aocumulft- 
tion of air will be produced faster than the pump can remove it, and the gauge will be similarly 
affected. The regulation of the jet is thus a matter which should be carefully attended to. Tlie 
oock which regulates the jet has a liandle to which an index is attached playing upon a divided 
scale ; and according to the position of that index the cock is more or less open or closed. 

The Influence of the condenser upon the work of the engine is exerted in two different ways. 
In the firdt place, it acts by the extent of the partial vacuum which it offers to the steam to 
expand itself in ; and, in the second place, by the cold water injected to condense the steam. 
There are therefore two principal points to be considered in applymg a condenser to an engine. 
First, the extent of the partial vacuum, in other words, the capacity of the condenser and its inlet 
pasbages, relatively to the volume of tho steam to be exhausted into it; and, second, the quantity 
of cold water to be injected according to the temperature of this water and the volume or weight of 
the steam and its temperature. 

The following physical law constitutes the general principle aooording to which the former of 
these points is aetermined ; namely, that when communication is established between two vessels 
each containing the same liquid, but at different temperatures, equilibrium of tension between the 
vapours which they emit taxes place in the two vessels according to the tension corresponding to 
the vapour emitted by the colder liquid. Applying this law to steam-engine condensers, it may be 
observed that the condenser is almost wholly emptied of air, and contains only water, which emits 
steam capable of saturating the space, or at its maximum elastic force, whilst the other vessel, that 
is the cylinder, contains a larjg^e quantity of steam at a higher tension, but out of contact with^the 
water which emitted it. This steam, on entering the condenser, expands like a permanent gas, 
according to the sum of the volumes of the cylinder and the condenser. 8ucb, at least, is what 
takes place at the moment when the two are put into communication with each other; but as 
condensation begins at once, tho tension is gradually reduced till finally it becomes equal to that of 
the steam emitted by the water in the condenser. It is true that to obtain this result there must 
at the same time be added Uie quantity of cold water necessarv to take up tho heat evolved by the 
steam in the act of condensation, otherwise tliis heat would be token up by the water previously 
contained in the condenser, and the temperature of this water being thereby raised, tho steam 
emitted would possess a degree of tension much greater than that which existed at the moment 
when the two vessels were placed in communication. Consequently, as the effect sought is really 
obtained only by the addition of cold water, which evidently requires a certain time to operate, it is 
a matter of practical importance to give the condenser such a capacity that the steam on entering 
maybe greatly expandea even before condensation begins to ioke effect. These considerations lead 
ua to oondude that the capacity of the condenser should not bo less than one-third of the volume 
genemted by the piston during a single stroke, and this conclusion is fully borne out by experi- 
ments and the practice of the best makers. Another rule, proposed by a French authority, is to 
make the volume of the oondenser equal to three times that of the steam contained in the cylinder 
at the moment of being cut off, supposing the steam to have a tension of five atmospheres. 

The second point, namely, the quantity of water to be injected, has been fully discussed under 
Details of Engines, to which article tho reader is referred for information on this subject, as well as 
on that of the air-pump. 

The use of the condenser is to reduce the back pressure r>n the piston, and, as this back pressure 
is exerted with eoual force throughct the stroke, the gain is considerable. In an engine working 
with a pressure oi five atmospheres and without expansion, a saving may be effected of one-fifth of 
the total work developed ; and in an engine working under the same pressure, but with the steam 
cut off at one-fifth of the stroke, the economy may be as great as one-fourth. Thus it will be seen 
that in all oases the condenser is a source of economy varying in amount from 20 to 80 per 
cent, the greater amount being reached with high degrees of expansion. It may be remarked, 
however, that the difference between the barometric gauge and the barometer does not represent the 
actual gain of ^active work ; a portion of this gain is aroorbcd by the pumps, which are i1 riven by 
the steam-piston. The first cost is also considerably enhanced, a matter deserving consideration 
when estimating the advantages of any system. The above results show, however, that when 
economy of fuel is important, the gain is sufficient to render the adoption of the oondenser desiraUo 
wherever it ot n be conveniently applied. 

Tho employment of steam expansively constitutes another notable source of economy, inasmuch 
as a very considexably larger proportion of work may be obtained from a pound of steam when used 
in this way. If^ for example, we take an expansion of 10 times, the by^rbolic logarithm of 10 
being 2*80, we see that tho work developed upon the piston during the period of expansion is more 
than twice that which would have been developed by the same quantity of steam during admission. 
But it must not be forgotten that this increase of volume in the ratio of 1 to 10, increases in the 
same proportion the resisting action of the back pressure. This action must thereforo bo reduced 
as much as possible by the employment of the condenser. For this reason all engines in which 
a high degree of expansion is carried out should be oondensing enffines ; tho degree to which 
expansion may be carried out in a steam-cylinder is limited by practical considerations. It will bo 
observed that the piston, which is urged by the force of expansive steam, is acted upon by a con- 
tinually diminishfiig power of impulsion. When the pressure of the steam becomes, oy expaDsioii« 
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leea than the load which each piston drives through the intervention of machinery, including the 
friction of the machinery itself then it is clear that the moving force will cease to be efficacious, 
and that the piston must come to rest. The exi>edient bv which the expansive principle may be 
most conveniently extended, is to use, at the beginning of the stroke, steam of high pressure and 
great density. This brings us to the consideration of another limit in a different direction. It is 
impossible with steam to have a change of pressure without a corresponding change of temperature, 
and this change of temperature is productive of a loss of power in an engine-cylinder. This loss 
may be thus explained. When the exhaust-valve is opened, the steam rushes to the condenser, and 
the vapour remaining in the cylinder, together with the condensed water adhering to its sides, are 
almost instantly cooled to the temperature of the condenser, and the surfiioe of the cylinder is 
thereby cooled in a greater or less degree. The fresh steam, on entering for the next stroke, comes 
in contact with the previously cooled metal, and a portion of it is condensed without doing any 
work. This is repeated at every stroke, and in all engines Ib the source of a considerable loss of 
heat. This loss is necessarily greater, the greater the difference of temperature between titie steam 
on entering and when being exhausted from the cylinder. When the degree of expansion is 
increased, the initial pressure must be increased also, and consequently steam of a higher tempera- 
ture must be employed. The wider range of temperatures thus occasioned causes a greater loss of 
heat. There are two well-lmown expedients by which it is sought to lessen this loss, namely, the 
steam-jacket and superheating. The former acts by preventing, to some extent, the cooling or the 
cylinder ; and the latter, by making the steam dry and a bad conductor, produces the same effect, 
while at the same time the condensation of the steam is prevented. These expedients diminii^ the 
loss of heat from the causes previously mentioned, but they do not prevent it alfa^ther. As expansion 
is increased, the duty of the fuel is not increased at the rate shown by the theory of expansion. 
But, on the other haad, the loss of heat increases in a greater ratio than the gain of power due to 
expansion. Of course, as soon as the increase of loss balances the gain, economy can go no further. 
This limit is reached at different points, according to the different oiroumstanoes under which 
expansion is carried out 

To use high grades of expansion, and at the same time to avoid the loss of power resulting 
from the consequent wide range of temperatures, a method has of late years been adopted, and is 
now rapidly coming into fieivour, of expanding the steam in two cylinders. We ebail return later to 
tlie consideration of this double-cylinder or compound engine. 

The economy of fuel resulting from the employment of steam expansively is considerable. 
' Speaking generally, this economy may be said to vary firom 25 to 50 per cent. The theory of 
expansion, as well as several other questions relating to the production aud employment of steam, 
has been fully treated of under Boilers, to which article the reader is referred. 

A pound of coal consumed in the furnace of a steam-engine will produce a certain meohanioal 
effect, and the amount or quantity of mechanical effect thus producea may be measured in footr 
pounds, that is, by the number of pounds raised 1 ft. high. This effect is called the duty of tiie 
fuel, or more usuallv, the duty of the engine. The duty of an engine is therefore not the amount 
of work developed oy the fuel in producing evaporation, but only that portion of the total work 
developed by the steam which is available for the work to which the engine is applied, the difference 
being absorbed by the engine itself. The duty of engines varies within very wide limits. In some 
instances in which exnansion and condensation are cajrefully uod intelligently carried out, we find 
a consumption of 1 '5 lb. of coal to the horse-power an hour ; in others the consumption is as much 
as 7 or 8 lbs. The duty of a OomiBh pumping engine is usually estimated in pounds of water lifted 
1 ft. high by the consumption of a bushel of ccnls. As high a duty as 125 millions of pounds 
has been reached by* this class of engines. Such results must, however, be regarded as altogeti^er 
exceptional. The more common duty obtained from a well-managed engine used in the mining 
districts is (torn. 65 to 75 millions. The duty of an engine Ib not to be confounded with its power. 
The duty, as we have seen, is the work developed by a given weight of coals without reference to 
time. Thus, whether a bushel of coal ndses 70 millions of pounds a foot high in one hour or in 
twelve hours, the duty of the engine is the same. But the power of the engine is ^uite different, 
being estimated by the work it is capable of performing in a given time. Hence, while the duty of 
the engine is measured by the number of pounds raised 1 ft. high, its power ia measured by. the 
number of pounds raised 1 ft. high in one minute. To avoid the large numbers Involved in this 
mode of estimating the power of an engine, it is customary to express it in terms of the higher unit 
horse-power, which represents the power requisite to raise 33,000 lbs. 1 ft high in one minute. 
Thus an engine of 10 horse-power is capable of raising 330,000 lbs. 1 ft. a minute^ or about 20 
millions of pounds an hour. This is known as effective horse-power, to distinguish it from nominal 
horse-power, the latter being a term somewhat capriciously employed by makers to express certain 
cylinder capacities and dimensions. In determining the dimensions of a boiler for a stationary 
engine other than the Cornish engine it is customary to assume that for every effective horse-power 
to be exerted by the engine, 1 cub. ft. of water an hour must be evaporated by the boiler. This 
allows a very large percentage of waste in the engine^ greater probably than ever takes place ; 
but the error is on the safe side, and the rule may be considered as sufficiently accurate in practice. 
When, therefore, the term horse-power is applied to boilers, it is to be undeistood as indicating 
their capability of evaporation at the rate of a cubic foot of water an hour. Thus a boiler of 
50 horse-power is one capable of evaporating So cub. ft. of water an hour, the furnaces being 
worked in the ordinary way. The dimensions of the grate and the extent of heating surfiuse 
necessary to produce this rate of eyaporation vary more or less according to the practice of different 
engineers ; hut generally it is agreed that 1 sq. ft. of grate sur&ce is requisite for every horse* 
power in the M>iler. Thus it follows that as much fuel is consumed an hour upon a square 
foot of grate surface as is necessary and sufficient to evaporate a cubic foot of water. The extent of 
heating snr&ce in ^e boiler is generally estimated at the rate of 15 sq. ft to the hoBse-power. 
Thus a boiler of 50 horse-power requires a beating sarfiGUse of 750 sq. ft. in the Oomish boUer, on 
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aoootmt of the dow oombiutioii maintained on the pates, 2 sq. ft of the latter are allowed to 

the horse-power, and the extent of heating snrfaoe is inoreased four or five times. 

In pioportioning the dimensions of the cylinder, it is usual in stationary land engines to make 

the diameter equal to twice the stroke of the piston. With respect to the absolute dimensions, it is 

obyious that the magnitude of the cjlinder and piston neoessanr to produce a given power must 

depend upon the pressure of the steam after it has entered the cylinder and the velocity with which 

the piston movee, the degree of vacuum on the other side of the piiiton, and the grade of expansion 

carried out. When the piston and other reciprocating parts of the machinery change the direction of 

their motion at the end of each stroke, they will be, for a short interval, before and after the change. 

accelerated and retarded. This aooeleration and retardation is still greater when the steam is u^ 

expansively, since, in that case, the impelling power varies in intensity. In practice, however, the 

irregularity is effaced by the momentum of the fly-wheel, and we may assume for the purposes of 

calculation that the motion of the piston is uniform. The question which then remams u, what 

determines the rate of this uniform speed ? In other words, what are the conditions that determine 

whether the piston shall have a velocitv of 100 or 200 ft. a minute ? The velocity of the piston 

will depend upon the rate at which the boiler is capable of supplying steam of the requisite tension 

to the cylinder. Suppose, for example, that the resistance on the piston is equal to a pressure of 

20 lbs. to the square inch of its surface. To drive the piston at any given rate, the boiler must be 

capable of supplying steam at a tension of 20 lbs. in sufficient quantity to fill the space swept 

through by the piston in a given time. As an illustration, let us assume that the required speed is 

200 ft. a minute and that the area of .the piston is 78*5 sq. in., corresponding to a diameter of 10 in., 

which, expressed in square feet = '545. Then to enable the piston to advance through a space of 

800 ft, it must be followed by a column of steam 200 ft in length and '545 sq. ft in section, which 

equals 109 cub. ft. of steam. But the relative volume of steam at a pressure of 20 lbs. as compared 

^th the water from which it is produced, is that of 1222 to 1. Dividing, therefore, we have 

109 
>--- = -089. The boiler must thus be capable of evaporating * 089 x 60 = 5-34 cub. ft. of water 

1222 

an hour. That is, allowing a margin for the increased reslstanoe due to the speed, the boiler must 
be of 6 horse-power. 
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By nwsiu of the t/xwAag Table Dumy practlaal problema nmilftr to the pnceding and of gnat 
utility, may be solved witti the aid of oommon arithmetic alone. The tempetatnrea oomapondinK 
to the preesnrea (rom 1 to G lbs. are taken from Bankineithe whole of the TeiDBiiuii|:quaDtitiea we 
have carefully Mloolated. They will be foand to vary somewhat from tboae of tlmilar tablei that 
hare been publisbed ; but it ia believed that they are mors aociuate, the formula b; whiofa they 
were oaloulaled being fiilly ooaflrmed by Uie elaborate oalonlatioiu of Zeuner and BankiDe 
reepectiog the relation ezistiiig between the latent heat of eraporation, the temperatuie, and the 
epeciQo volume of ateam. 

The following eiampleB illoitiete the nae of the pteoedJng Table ;— > 

1. A boiler ia capable of evaporatine 20 cnb. ft. of water an horn. The pMeaore of itaam In 
the oylindei being 20 Ibe., what rnoit be the diametei of the oylindei to give a piston speed of 
900 ft. a minute? 

~ " " 1 And the telatiTe Tolnme for 20 lbs. to be 1222. Henoa 

= 407 '3 is the Dumber of onblo feet of steam that will pass through the cylinder a 

mionte, and ^^ — = 298-2 Bq. in. = the area of the piston. A table of areas will at onoe 

give the diameter. 

2. A piston £0 iu. in diameter is required to move wild a velocity of 200 ft. a mlnnte against a 
groBB resistance of 10,000 Iba ; it is required to find the requisite boiler power. 

A taUe of areas givee 311 ' 1 sq. in. for a diaiueler of 20 in. As the leaistanoe it 10,000 lbs., 
the pressure (o the oqnare inch will be „ = SI'S lbs. The next greater pressure to this in the 
Table is 32, the relative volame corresponding to which Is 736. The area of the pioton in square 
feet being 2181, the power of the boiler = ~ = 31-77, say 32 horae-power. 

3. Given a piston ,10 in. in diameter, supplied by a boiler of 50 horse-power, it is required to find 
the pressnre to the square inch that can be giveu to the piston when the Utter has a velocity of 
200 h. a minute. 

The area of the piston ia 706-B eq. in.= *M8 sq. ft Hence *'^^^^'^ ^ j" = 1177-9. the 

nnmber of obbio Inchea of steam that would be produced by a cubio inch of water. The nearest 
number to this in the Table is 1167, and the pressnre corieeponding to this number is 21 lbs. We 
may therefore assume that the required pressure is 20{ lbs. 

i. Given a piston 10 in. in diameter, end a boiler of 30 horse-power ; it Is required to find at 
what TelooiW the piston may be driven sgainst a reiiistance of 20 lbs, to the square inoli. For a 
pressure of 20 lbs. the Table gives 1222 a» the relative volnme. Hence 1222 x 50 = 61100 is the 
number of the oubio feet of steam that paasee tbtoogh the cylinder an hour. The area of the piston 

in square feet being 8-72, we have ,. _„ ^ = 1I6'8, say 116 ft. a minute. 

The«ompound system of engine, to which we have alreei)y alluded, consists essentially in passing 
the steam through two cylinders of unequal dimensions, the second and luger serving as a kind of 
receiver to the first, the steam &om which it uses a second time by ezpansian. It was to raJiza 
more efTectually the principle of expansion that the system was first introduced, and the sneoeea 
which baa been attaioed is aoch as to render it one of tbe greatest improvements of recent yeara 
And it is not difficult to discover the cause of tbU moccas. We have already described the ill 
effects of a wide range of temperatures or, which ia the same thing, u, wide range of pressures in 
one cylinder. By carrying out tbe expansion in two cylinder, these ill efiects are diminished in a 
cooaideiabla degree. Also when a high grado of expansion is curried out in one cylinder, the 
variation of pressure neoeesitatee relatively larger dimensions in tbe ports through which the force 
is transioitted, and, moreover, produces an irregular velocity which can be modified only by means 
of a heavy fiy-wheel. By using two cylinders, the pintons of wbioli work togetlier wifli different 

Sresauree, the inequality of the strains is certainly not altogether avoided, but it is greatly 
iminished. Thus the objeotions to very high gradea of ezpanaioQ are by this means, to a 
oonsiderablo extent, removed. 

The invention of tbe compound engine Is due to Horn- — 

blower, who first made the s;stem known in tbe year 
1781. It was not, however, carried into effect till more 
than twenty years later, by Woolf, under whose name it 
was for a long time known. Becent yean have vritaessed 
oonsiderable improvements in this ctss of engine, chief 
among which must be reckoned the construction of engines 
with the two cylinders connected to cranks at or near 
rigbt angles to each other, and the pleeing of a leociver 
between the two cylinders. 

In the accompanying diagram, Fig. 6936, which we 
have introduced for tbe purpose of explaining the action 
of the compound engine, we have suppoeed, in order to 
make the course of the steam apparent to the eye, that the 
exhaust-passage from the small cylinder passes round it, 
and directly into tlie valve-box of the kirge cylinder. The 

piston of the small cylinder is driven by the steam from the bmler in tbe same way as In a ainMe- 
Cylinder engiue, and cither with or without expansion. When the stroke of the |>iBlon in rnlhec 
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diieotion ia completed, the ateam, ingtead of escaping into the atmoBphere or into the condenser, is 
conducted into the yalve-boz of the large cylinder, whence it exerts its preesure Bimultaneously 
upon the two pistons. As these pistons are connected to the same crank-shaft, they complete their 
stroke together, so thtit all the steam from the small cylinder passes into the large one. Conse- 
quently, supposing for the sake of simplicity that tue steam is not expanded in the small cylinder, 
it is expanded in the ratio of the volumes generated by the two pistons, and this ratio marks 
the degree of expansion carried out. At the next stroke the same effects are produced in the 
contrary direction, and the former cylinder full of steam is exhausted into a condenser in the 
usual way. 

In the figure both pistons are supposed to be descending. The steam ftrom the boiler enters 
above the small piston, whilst that beneath it, and by which it was raised at the preceding stroke, 
passes out and enters above the large piston, the lower portion of the large cylinder being then in 
communication with the condenser, in which the bteam is exhausted that hud entered from above 
the small piston. In most beam-engines the two pistons move in the same direction. In such a 
case, the steam-passages cross, that is, the steam passes Itom beneath the small piston to enter above 
the large one, and the reverse. But when the motion of the pistons is in coutrarv directions, the 
steam-passBges are direct, that is, on issuing from the small cylinder it enters directly into the 
corresponding end of the large cylinder. Such details, however, in no way affect the general 
principle. 

The pistons may be either equal or unequal in stroke or in area, but an essential point Is that 
they must generate different volume si It is an interesting fact that the work developed b^ a given 
volume of steam is exactly the same whether expanded in one cvlinder or in two. This fact is 
dearly proved by the following simple means, proposed by Poncelet. It has already been shown 
that the abiiolute quantity of work generated by a given volume of steam by expansion is measured 
by the increase of volume which it has acquired and by the initial pressure. This being true for 
the total increase of volume and the total quantity of work, is not less true for each partial increase 
of volume which develops a partial quantity of work, the measure of which is also this increase of 
volume and the mean pressure at the moment when it takes place. Suppose, then, two^ cylinders, 
A and B, Fig. 6937, in which the two pistons advance simultaneously by a certain quantity. If we 
take an instant when the steam is confined in the spaces O 
and D, and if in passing (torn G to D the pistons advance by 
infinitely small quantities ?t and h' respectively, the steam 
develops in the same time upon the large piston a certain 
quantity of work, which quantity must be dimini^ed by that 
generated as resistance to find the expression of the work reully 
effective. The value of the work developed in the two cases 
is evidently the product- of the area of the piston bv the space 
through which it has moved and by the pressure of the steam, 
which at anv given in^itant of time is the same in both cylin- 
ders, since they are in communication with each other. There- 
fore, representing the area of the large piston by S, the extent 
of its forward motion by h\ the area of the small pi^iton by s, 

the extent of its forward' motion by A, and the common and mean pressure on the unit of surface 
during this infinitesinuUly small extent of forward motion of the two pistons by P, the quantity 
of work developed during this forward motion of the pistons is, 

(P X S X A') - (P X « X A) = P (S V - f A), 

But the fiiotor 8 A' = « A is the exact expression of the increase of volume of the steam at the moment 
considered ; therefore each partial quantity of work developed by the steam is proportional to its 
partial increase of volume ; which it was required to prove. 

Thus, whether we make use of two cylinders or one, the quantity of work will be the same for 
a given desree of expansion, the initial pressure being, of course, the same in both cases. And 
this is evidently independent of the strolce or t!ie diameters of the pistons. We may therefore, 
without going into further particulars, state that in determining the dimensions of the cylinders of 
a Woolf engine the volume generated by the largo piston is equal to that of the single cylinder for 
the same power, the same degree of expansion, and the same initial pressure, and that the volume 
generated by the small piston is equal to that of the steam before expansion, supposing expansion to 
be carried out wholly in the large cylinder. In other words, the ratio of the volumes fi^enereted by 
the two pistons is simply the degree of expansion carried out, when expansion is not begun in the 
small cylinder. In the contrary case, the ratio of these two volumes becomes the quotient of the 
degree of total expansion divided by the expansion effected in the small cylinder ; but the volume 
of the large cylinder is invariable, whether expansion be carried out in it alone or in both, the small 
cylinder only being affected by the latter condition. 

With respect to the back pressure in a compound engine, other things being equal, this pressure 
produces a resisting force measured by the volume which is generated by tJie piston upon which it 
acts. But as the large piston of a double-cylinder engine generates precisely tne same total volume 
as that of a single-cylinder engine working with the same degree of exiiansion, the back pressure 

Eroduces the same amount of resistance in both cases. Oun8e<iuently, compound engines are calou- 
kted in precisely the same manner as ordinary single-cylinder engines worked with expansion. 
A very ready method of making, by means of a Table, the requisite calculations relating to 
the expansive action of steam in either single or double cylinders has been proposed by David 
Thomson, in a paper recently read before the Association of Foremen Engineers. As this Table 
will be found of very greaC use to practical men, we give it,* with a few of the author's remarks 
thereon, which will elucidate some of the questions respecting compound engines in which opinion^ 
are divided. 
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Table of Mean and Initial VreeBareB in the Cylinder. On the sappoeition that the 
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629 
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" I now prooeed to show how the calcnlationB oonneoted with oomponnd and other ezpanslYe 
engines may be made with ease and rapidity by means of the Table. These calcnlationa are often 
mf^e by means of diagrams of expansion, or expansion curres, drawn on the same principles on 
which this Table is Cidoalated, bat I haye always found such caloolations to be made mote rapidly 
and accurately by means of a table than a diagram. 

** When steam is expanded in the cylinder of a steam-engine its messore at any part of the stroke 
is very nearly inversely proportional to the yolume it occupies. This is not exactly the case, but 
very nearly so^ and in almost all indicator diagrams it is found that the pressure is slightly greater 
than it ought to be by this rule. If, therefore, the sise of a cylinder is calculated on the supposition 
that the pressure of the expanding steam is inyersely as the yolume, a slight error may be expected 
on what engineers often call the * right side ' — that is, the sixe will be slightly aboye what is strictly 
required. 

** The Table is calculated on the supposition that thii rule is aocnrate. To gtye an example of its 

application, let it be reauired to find tne area of a cylinder to yield 100 1 H F., with a maximum 

pressure of steam of 60 lbs. aboye the atmosphere, an expansion of six times^ back pressure 2 lbs. per 

square inch, and a piston speed of 300 ft per minute. 

33000 y 100 
*' Here the average pressure required on the piston to give this power = ^^r^r = 11000 Iba, 

300 

Next, maximum pressure of steam above the atmosphere s 60 Iba. 
Add pressure of atmosphere 15 ,• 

Maximum total pressure 75 lbs. 

•• Referring to the Table, ia tho line for six times expansion, we find that in these droumstanoes 

the avera^ preasme over the whole stroke = 75 x -465 = 34-875 Iba. 

Deduct back pressure 2-000 ♦ 



And we have the mean effeotiye pressure oyer the whole stroke =82-875 lbs. 



** From which it follows that the area of the piston = 



IIOOO 



= 835 sq. in., and a table of areas 



32-875 
of circles gives the diameter of the cylinder = 20| in. 

'* When a high degree of expansion is eiTected in one cylinder, the maximum strain on the crank- 
pm is much larger than the average working pressure over the length of tho stroke, as is yery 
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elearly diown by a referoiiee to the Tablo. To diminish this exoeeriTe strain is the objeot sought 
in employing two cylinders to work oonjointly, the one leoeiying the steam from the ottier, and thns 
forming what we call a oomponnd engine. 

** If, in the example we have taken, the six times expansion had been carried oat in two cylinders, 
the mechanical e£feot developed would have been exactly the same ; and so also would have been 
the final pressure. It ia readilir seen that if the final pressure is the same in both cases, and the 
quantity of steam used is also tiie same^ the capacity of the large cylinder of the compound engine 
must be the same as that of the single-cylinder engine of the same power, and working with the 
same degree of total expansion. All that is necessary, therefore, in calculating the size of the large 
cylinder for a compound engine is to calculate, in the way we have already done, the size of a sin^e 
cylinder to develop the required power with the given initial pressure and the given amount of 
expansion. This will be the size required for the large cylinder of a compound engine to develop 
the given power; and the onl^ use of adding a small cylinder to it is to moderate the maximum 
strain on the crank-pin, and give a more equable development of power over the whole stroke of the 
piston. This being the object aimed at, it is best to make the size of the small cylinder such that 
the maximum stram on the crank-pin shall be the smallest possible under the given conditions^ 
"Dx, Pole, in a paper on Compound Engines, shows, for the Wooif form of engine^ thftt tbia is effected 

by making — ^^^ ^ - = area of small cylinder. 

^Degree of expansion 
« The rule applied to the example we have already taken would give 

835 

Area of small cylinder s — 7^ = 187 sq. in., and 

V o 
Diameter s 13} in. 

** The area of the small cylinder being thus calculated, it Is to be understood that to get the best 
result half the expansion is to be effected in the small cylinder, and the remainder during expansion 
into the large cylmder. Thus, in the present instance, the steam is to be expanded 2*449 tmies in 
each cylinder, and 2*449 x 2*449 = 6 ; making six times expansion in alL 

''For the marine compound engine the area of the small cylinder is not so definitively fixed; 
because the two pistons, acting on different cranks, the object generally is to make the maximum 
strain of either iikcn singly a minimum. And besides, the maxmium strains of either piston can be 
oonsideiably varied by altwing the point of cut-off in the large cylinder. Nevertheless Dr. Pole's 
rule for Woolf engines will be found generally to give good results for the other form of engine also, 
and such as fairly correspond with the best practice. The assertion that the mechanioid power 
developed is the same wnetiier the expansion takes place in one or two cylinders, requires this 
qualification, that when two cylinders are used the arrangements must be such that none of the 
expansion takes place uselessly, by the steam rushing into the passages and so causing a sudden 
drop of the preesure, without doing any work on the piston. In the Woolf form of compound engine 
this condition has not hitherto been absolutely complied with, and in some engines of this type 
it 19 very &r from being so. A considerable loss of effect is the consequence. 

** The amount of ihis will be seen if we take an example, thus — 

*' Let the capacity of the small cylinder be = 4 ; capacity of the large one = 16 ; and the capadty 
of the steam-passage between them = 1, or the fourth part of the small cylinder. Suppose, further, 
that the maximum total pressure of the steam in the small cylinder = 75 lbs., and that it is cut on 
at ^ stroke. With these oata the expansion should be, if we dinregard the effect of the intermediate 
passsge, three times in the small cylinder, and four ttmes more in expanding into the large one ; 
or 3 X 4 s 12 times. But the actual opemtion would be thi»— 

** First the steam would be expanded three times in the small cylinder, thus reducing the pressure 

75 
to -3- = 25 lbs. On the exhaust-valve being opened the steam would rush out into the intermediate 
3 

passage, and thus ocoupv a spaee = 4 -|- 1 s 5, by which its pressure would be reduced to 
25 X f = 20 lbs. ; and ttiia part of the expansion being uselessly expended in iHction and pro- 
ducing no motion in the pistons, would be productive of no useful effect. It is assumed here and in 
whatfoUows that the passage is entirely emptv. This should not be the esse, for it should be filled 
with steam of a pressure equal to the /!»a/ working pressure in the large cylinder. In practice, how- 
ever, the drop of pressure is generally ouite as great as it ought to be, on the supposition of the 
passage being empty, and if the theoretical eBeot of the supposed small steam preesure existing in 
the passage were taken account of in these calculations, it would only oomphcate them, without 
pro&cingany difference of practical consequence in the results arrived at 

*' The steam which now occupies a space = 5 will, at the end of the large cylinder stroke, occupy 

17 
a space 3 16 + 1 = 17; thus having been expanded -jr =H times during its passage into the 

large cylinder. The total effective expansion in both cylinders is therefore = 8 x 3| s 10^ times, 
instead of 12 times, which it would have been but for thu effect of the intermediate passage. The 
kss of effideDcy thus caused is measured by the difference between 

1 -h Hyperbolic log. 12, and 
1 -h Hyperbolic log. lOj^ ; 

8*822 
that is, it amounts to 1 — ■ s 1 - '953 = •047, or nearly 5 per cent., of the whole elEcienoy 

of the steam whcoi expanded twelve times in one cylinder. In many Woolf engines the loss of 
elBciency firom t£is cause is greater than this; but it need not be so if the engines are well 
constructed ; and this defect may be diminished or entirely removed if Woolf engines were made 
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with intennediate receiven, and the Bteam out oif at the proper point of the stroke in the large 
oylinder, ae ia done in the modem marine enginoB. 

** Some of the best of these are worked in this way — that is to say, so as to have no, or almost no 
drop of pressure, at the end of the small oylinder diagram. But even where this is not the case) I 
propose to show that a comparatively large fall of pressure at this point may take place in a 
compound engine with an intermediate receiver without producing so great a loss of effldenoy as a 
much smaller drop in tbe old form of Woolf engine. 

** This may be done without intricate mathematical formuln by the aid of the Table and by taking 
a particular example, the reasoning applied to which will be seen at each step to be equally 
applicable to any example that can occur in practice. 

^' Further to simplify the calculations, without affecting the deductions to be drawn from them, I 
assume the area of the small cylinder to be 1 sq. in., the area of the large cylinder = 1 sq. in., and 
the stroke of both = 1 ft. 

*" Let the capadtieB of the cylinders be reckoned in units of 1 in. square by 1 ft. long, and then 
we shall have 

Capacity of small cylinder = 1 
„ of large ditto = 4 

" Let the steam be cut off at } stroke in small cylinder, and then 

Total expansion = 16 times. 

** Further suppose the maximum total pressure of the steam in the smaU cylinder = 160 lbs. 

Then we shall have 

160 * 

Pressure In small oylinder at end of stroke = -j- s 40 lbs. 

160 

„ in large oylinder at end of stroke = -r-r = 10 lbs. 

** By means of a cut-off valve in the large cylinder, the pressure maintained in the reservoir may 
be regelated at pleasure ; and for tbe sake of simplicity let it be assumed that the reservoir is 
su£Bciently large to make the pressure in it practically uniform. 

" Now let us calculate themdicated power developed in three different cases,'in all of which the 
quantity of steam used per stroke is the same, viz. : — 

*' 1st. If the steam IB expanded 16 times in the large cylinder only, working as a single-cjdinder 
engine having the steam cut off at -^ stroke. 

** 2nd. If the total expansion of tne steam is effected in two cylinders as I have described, and 
with the pressure in the reservoir maintained at 40 lbs. 

'* Srd. Ditto, ditto, but with tbe pressure in the reservoir maintained at 20 lbs. 

<* 1st Case.— Fower developed per half stroke = 160 x '284 x 4 = 151 ft. lbs. 

^ 2nd Case. — In this case it will be observed that there is no drop of pressure at the end of tbe 
small cylinder diagram, because the final steam pressure in the small cylinder is equal to that in 
the reservoir ; and the power developed in each cylinder is — 

Power developed in small cylinder per half stroke = 160 X *596 — 40 = 55*56 ft. lbs. 
„ ,, in large cylinder „ ,, = 40 x *596 x 4= 95*36,, „ 

Total power developed in both cylinders per half stroke = 150*72 ft. lbs. 

" This it will be seen is identical with the power developrd in a single cylinder in accordance 
with the general principles I have already explained, as applying whercb as in this case, there is no 
useless expansion without doing work on the piston. 

'* 3rd Case. — In this case there is a large fall of pressure in the small cylinder diagram at the end 
of the stroke from 40 to 50 lbs., and the calculation of the power developed is — 

Power developed in small cylinder per half stroke = 160 x '596 — 20 = 75*86 ft. lbs. 
„ „ in large cylinder „ „ = 20 x '846 X 4 =.67*68,, „ 

Total power developed in both cylinders per half stroke = 148*04 ft. lbs. 

*' This Inst result is, as anticipated, smaller than the two former ones, but it is not nearly so much 
smaller as the large drop of one-half in the pressure at the end of the small cylinder diagram might 
have led one to expect It is only a diminution of 5 per cent, in the efSciency of the steam ; whereas 
we saw before that a drop of only one-fifth of the pressure at the end of the stroke in the small 
cylinder of a Woolf engine produced a loss of efficiency of nearly the same amount. 

" Let us look at the matter from another point of view. In case 8 the steam is expanded effectively 
2bur times in the small cylinder, after which it is furtlier expanded twice by an instantaneous drop 
of the pressure on exhausting it into the receiver. It expands, in fiu;t, into double its volume, and 
«)ie pressure falls from 40 to 20 lbs., and in doing so it exerts no power on tbe piston, which has 
been sensibly stationary during the expansion. After this the steam is admitted to the large 
cylinder at 20 lbs. pressure, is cut off at i stroke^ and then expands during the remainder of the 
stroke, down to its final pressure of 10 lbs. at the end of the stroke. This last expansion has done 
its proper work on the large pistOi^, and this, with the previous effective expansion in the small 
cylinder, makes a total effective of 4 x 2 = 8 times only ; as compared with the total expansion of 
16 times^ fur* from pressure of 160 lbs. down to 10 lbs. It would seem at first sight that the 
efficiency of the steam would in this case be the same as if it had been expanded eight times in one 
cylinder. To expand the same quantity of steam in one cylinder, the capacity of the cylinder must 
be = 2, and the steam must be cut off at ( of the stroke. Then power developed = 160 x '885 
= 123-2 ft. lbs. 
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"Thbieanll IiTCorr oomddenbly leaa than we obtained befbre In tbeMleaUtionor the Srd eue, 
where It vas eboira Uuit power = 113 ft. lbs. wu deTeloped. Tot In botti rwncn the gnf tititj nt 
iteun ii tlie satae, mi apparently the amount of ezpaiiBioii exerted tutfully on the pUtoQa ii the 
aune in both ; and the qaeation arUee, how can the steam, when «zp(uided in tt>e two oyliudei^ 
give a greater osefnl tSeat Oiaa when expanded in one? 



"TheaiuweTtothliqaevtloniilobefonnd in thenmsideratinnofwhat ti done b; the iteMn when 
it ia exliantted Trom (he noall cylinder Into Ihe receiTsr. Previoii* to the opening of the eihaiwt- 
valTB tlie Bleam oconpiee a bnlk = 1 in tlie small oylinder at a preamre of 40 lb*. ; and when the 
Tklve Ii opened, it at imoe expands till the preMUie lirednaedtothatof tlieteservojr, 20tbi. ; aftel 
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ihlBlbcm wiUbelefl in tba miwU crUndei: the sune bulk ni of steam ulwft^ hnt»»i. i„i» 

tcokjUce. One-h^f the rtown, therefore, h« been di«hM8«i &t«nlEe"ruX,lT,.rw<^S 
nie of 20 lbs. In f^iidng tlii« podtum il ha* MnHlj 



a bnlJt of 1 In the leeemlr, at 




ezertod powar in diipladiig itMai In tlw nwiiulr, Jml In 
the aame mj a« steam Umiag 6om a boQei exerta cower 
In diapladng the atm<aphare. The jpower lo eipenaed ia 
reeormble when the iMBrroir nippuea eteam to the large 
orllndai, and its amount in thia case - 30 x I = 20 ft. Iba, 
ifoT if thia 20 ft. Its. is added to 1232 dereloped in the 



anived at in onr calculation of oaee 3, by an independent 
method ; and the aocniaoy of the explanation I have gfiTen 
at to how part of the appotentl; lost powar ia reooTdied. la 
prorad bf the oonecitiieas of the nmneriod resnlte founded 
npon it. The oonolunon to be drawa ^m thia is, that the 
apparent toae of power bj a sadden drop of pressure at the 
1^ of the aDull oyllndar diagram in a oomponnd engine 
wilharanrrnr ia toaoonsideTableeitent nots nalloti,aB 



>d power, tb 
mthontit 



it woold be almoat entirely in a Woolf engine of the ntiial 
ooDttniotiOD. 

" Not only ie thia the ease, bat a glanee at the leanlta 
we obtained in oaloolating the power developed in each 
cylinder in oaau 2 aod 8 sbowa that when the eng;ine is 
working with Uiis Kteat drop in the preanire, and thna in- 
curring B loss of E per oent of the robs indicated power, the diviokin of woA between the two 
cylinders is much toore eqaal than when working w 
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It tmj Ten ««□ be tUt Uu angina wonld work better Mid do men woik: with thU leige drop thu 

■iUmnt il." 
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This type^ exoept for pnmpixiff pnrpoms, for which the motion of the heam is Terj suitable, is gra^ 
doaUy gping out of fiivoor. ft is difficult and costly to construct ; it demands more care and pre- 
caution in certain parts of its construction, and more time and attention for its erection. It requires 
for a given power more solid foundations than the other types, and it is not fayourable to economy 




L^JM^UJ llj LUUXU' 



of fueL MoreoTer, it allows bat little latitude in its application, and is utterly incompatible with 
high piston yelocities. On the other hand, its motion is extremely regular and migestio, and when 
of great power, it presents an imposing appearance. 

The diief condition to be fmfllled in designing an engine on this system, is to give the beam 
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and) Iniffth tlntt the onglo wliioh tt deeolbM tnty be aa «awU Mpo«iUe,K>Mtodiiii)nubthe{iifln> 
enoe d' ue vened une of the aroa in deoon^oamg the motkn. IheoietiiMll* this length should 
be mfinite ; in pnotioe it is nsnally made eqiwl to tbrae tunee the stHike of uie putooi. In anme 
Amariuau Bi^;lne8 the heam is made shortei thsn this, but in our opinion a still greater proportion 
than 3 to 1 is deei»bte. With Ihia proportion, the angle described b; the beam is about 38° 2ff, 
and the lened nne of the arcs is 0* (17S of the stroke. 




In the horiiontal engine, as its naoie implies, the cjlinder is plaoed horlcontaUy. This system 
may be s^td la hare prodoeed a revolution in the nse of stoun-raiginea. Its nnmerons edmitagei 
ha*e rendoed Its adoption sJmoat genera], in sptle of the strong prejndioea arra^ against it on its 
first introdnetlon. Enginw oonstmated on this system are remarkable for their aimplioity, their 
■didity, and their eeonom^. Occupying bat little spMe, they ma^ be ereoted in positions totally 
n&snltable Ceo: a beain-engiDe, and may be easily eiiunined or repaired nben ont of order. Aa toe 
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bnadtb of thalr baaa ii nsktralatlvelr to thsft height, my high meda iut b« •tWned wttboot 
ten of the f tbmtkm wUcb would be oamed la other ajBtenu. The little loaaiatMa nqniietl ia 
>lao » eonroe of wodoidt that in aMne e—w ni»y beof aHiridemMe importiioe. Thieeluaii engine 
it npidlr taking the plam of the beun-enginea, and it may be nigacded m the type at the pnaent 
day, and the moet adTauoed stage of Bteam-ensine oonitniaaaa. 

The third type uf engine i« the vertical, la wliioll the c^Uoder and the oiganeof motiwiiind 



Sj the Mune poaitioii a 
lia type, hovever, the oo 
rod !■ dfreetly oonneoted with the craok of Uie 
diiving ahaft, whioh may therefore be either abo*e 



SLIDE .VALVE, 



or beneath the oyUnder. Its parte being oompactly 
diqMieed, it oeoopiee only a email enace, and it may 
be readily examined and repaired, in certain oa 



where the wptee ie reetricted it may be ndrui- 
ta^eonaly employed ; bat where no sooh reetrietiinu 




SKtitn/thrv' C.O. 



a efBoiency with the 
re the details of tbeae 



ewil, .._ _ 
borlwntal hrpe. 

It wonld be niperfli- _ _ 
eeveral ^pee of euinea 

alnady been dewviMd in „,^^ ___^_ .. . ,,. , 
therefore content onnelvei wifli gii^ an example 
of the beam and tbe hcmiiootal ^pea, a* illnitr^^ 
Uone of the meet leooit dedgn 




;. 69S8 ii a dde deration of a Corniah , 

;er, with a piaton-etioke of 10 fL : it U eoclt , „ 

with the bcdlera I^ meana of the pipe a, which alao aarrea to letnra the water'of oondanaation to tbe 
boilers, which aie plaoed at a lower lerel, thna ardding the waete of heat, whioh la often met with 
in other enginee, byallowing theateam toeaowe &om thejaoketat nearly the boiling point. Tliia 
iaoket is aorronnded by anther casing of wood, the apaee between the two being rnled with aoine 
Md oondnctor of heat, nobaaaaw-dnat or aahea; and the whole ia endoeed by a caaingof brick- 
work, or by •& alftight caiity fanned by building > thiokneM of brickwork at a fbw inches dlatanoet 
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which fa plaBtered on the ontdds snd 
oovered vritb wood panHlling. The 
cylindBT cover and bottom on also 
pioteatod from the cooling infloenoe 
of tho Air; the former beiog fitted 
with d false lid or cap c, enoloeinR a 
tliick layer of BBW-dnri or otber bad 



pipeo. 

B 1b the maiD beam, cast in two , 
plates and bolted together, with di»- ' 
tanoe blocks between to keep them 
parallel with each othur. To tiie 
upper part of the beam ii fixed trana- 
f erBelv, by moaoa of brackela, a strong 
bar of iroiL g, cnlled tbe oatoh-pieDe, 
which, when tbe piston Brriiee at 
the bottom of its atroke, tonahee the 
blocka h, fixed on the Epring-beama ; 
Iho dcAoent of the piaton being thus 
arrejted, do damage can be done to 
the ojUnder by tlie engine making 
too long a atroke in-doore. ia the 
pIug-Tod for working the lalTea'ftnd 
cataract D, tbe top nomle, shown 
ID Motion in Fig. 6989. contains three 
TsWes. First ; V, , the govemoi <a 



the cylinder. The opening of the 
govemor-TalTa is constant during the 
working of the engine, that is, it is 
not moved by tbe engine, but only ; 
oocasioDally by hand, for tlie purpose I 
of regulation. In proporljon as tUe 
governor-valve is more or less nJaed, 
the steam ia leas or more wiredmvD, 
or rcdaoed in pressnre, as it nsnixn 
from the ateam-pipa into the cyUader. 
By this means therefore, altbongb the 
[Teasare in tbe boilers may oo^ston- 
ally vary, Ae mean effective preasure 
in the oylinder may be mamtaioed 
eonalaut with ^«>t ease and precision. 
The motion of the «ivemor-vaIve is 
commanded by a handle placed witlw 
reach of the eQgtneman, uid connected 
by a rod and lever with the stalk of 
the valve. Beoond; V,, the steam- 
valve, for admitting tbe steam Into the 
cylinder. When tbis valve is raised, 
the govemcr-valve being supposed 
open also, the steam finds a passage 
thiongh it, from tho nozzle-ohtunber It k 
into tlie space 1, and tiience by tbe 
steam-port m into the npper part of 
tbe cylinder The ohambW k k. Fig, 
6939, wonld appear to be divided bf 
the cover a,, belonging to the equili 
brium-valvei but this appearance only 
arises from the pomtion m whldi the 
line of section is taken, the steam 
being free to pass round, in the direc- 
tion of the arrows, from the govemor- 
valve to tlie steam-valve. Third ; T„ 
situated in the niddln of tlie nozzle, 
is the cqnilibrium- valve^ fbr opening 
the communicatioii between the spaces 
above and below the piston. When 
IbeTefora this valve is opraedi tlie 
Steam above the piston will, by its 



i Ilenuiau 



i 
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eiocM of eUaUdtf, flod its my aJong the eq^Uibriam-pipa E, Bud by tho lower port n, into the 
lower p«rt oT the oylinderi until the eqnllibiluin is nstored between the preamrtB ftbove uid beneath 
the puton; which i* 
then at liberty to be 
drawn upwards by the 
preponderating weight 
oi the roda huug at the 
outer end of the beam. 
It will be obeerred 
that the three ooter^ 



bUl^lot^ 






eqnOibrinm valttfl ro> 
spectiTelj, are of anffl- 
oient ijie to allow the 
■niym to be lifted from 
their eeati and taken 
ont of the nozzle when 



n-JBoket, en- 
Tek^ied In an eztemal 
Maing of thin Iron, leav- 
Ing a sp*ce all roond, 
whiob 1* filled with 
aahea or aaw-duat to 
preTent Ion of heat. 

F ia the bottom noi- 
ile, a aection of which 
la shown in Fig. 6910 ; 
it oontalna the eihaoat- 
Talve V,, for opening 
or oloaln!i the oomma- 
nicatlon between tlie 
lower part of the cjlln- 
d(9 and the oondenser. 
The nonle - cbambel 
■bove the nlTe ooiomn- 
aicataa with the cylln- 




the nonle, Dnder theTfJn^ {■ attMhed 
Iheednotian-pipeH; K>thatwbeathli 
TalTe ia lifted, the steam in the kwei 
part of the cylinder ia ezbansted Into 
the oondenaer. 

G ia the cataiaot, shown in aectioo 
In Figs. 6941, 6942. The use of thU 
ingenloni apparatoi la to regulate the 
pwiod of opening Hut steam and bk- 
nanri Talvea, aiM tbna to determine 
the interval between the moMssira 
■troke* of the engine, that its rapidity 
of aoUon may oorrcspond with the 

Jnantity of water to be drawn tnta 
ie mine, a' ia a barrel In which 
works the plunger b', and which is 
■imply a small plaQger forcing pomp. 
Tbe nlet is by a valve c*, opening 
freely upwards, but the outlet ia oon- 
tractod nt pleeaure by ft movable plug 
f. The jnimp is placed in a oiatem 
of water 6, and tbo plunger is attuehed 
by the joint to the arm «' of the lever 
*'f. When the plng-rod has de- 
scended ntarly to the bottom of its 
■trcke, a tappot upon the lower part of 
it slrikes the ena f otjbe lever and 
thiia raises the plunger y, the water at 
the tame time entenna: freel} mder the plunger through the valve c'. When the stroke is (tniabed 
and tlie plng-rod begins to ascend, tbetappet quits tbe lever, and tho weight V which is fixed npon 
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ths tim 0*, and which haa been raised b; the preceding motton, beoomee in Ita torn the motive 
power, tending to oipel the wnter from the pump b]r Toroing the plunger dovn. But the iDlet- 
vulve c' baviiig oloaed. tbe 011I7 exit for tbe water is b; the aperture left round the regolatiiig 
plug (f. It is plain, therefore, that b; Bugmetvttng or dimiDiahing the sise of this ^Mrture, tho 
exit of the water, and thereby tbe deeceot of the pinager, tuay be aooelerated or retarded at pleaiure. 
To tlie end f of the cetaract-Iever ie attaohed a rod m, which asoendi vertioally, opening &nt the 
exhaust, and a short time after ttie ateam vaire, thereby csusing the oommenoomant of tbe next 
atroke of tbe engine. It ahould be remarked tiiat the rod m sett upon a catoh tliat leUoaes tha 
treighta u> ; these, by their 

fall, open tbe valves aed tm. *t>i. 

ooceeioQ a BuddenneflB of 
action which is oonaidored 
n great advantage, portion- 
larly as regards the admis- 
sion of the steam into the 
cylinder by the steam- 
volve. It is evident, then, 
that the interval between 
the time tbe tappet leaves 
the cntaraot-lever and the 
oommeocement of the next 
stroke, wbiob In fact 
determlnea the interval 
, between two consecative 
strokee or the Qnmber 
made in a given time, de- 
pends apon the time oeou- 
pied by the deeoent of 
tbe cataraot-plmiKer, and 
therefore^ ultunatelj, upon 
the degree of (meulDg given 
to the regulaUng plug if. 
This CBJi De adJDstad to a 




regalaUng ping by a rod and the lever T. By tnming tbe handle the ping can be raised or lowered, 
and the aperture oonseqnenllf incKMed or dimini^ed as the quantity of water to be raised from 
the mine is greater or li^a, tod the engine reqaired to make a greater or leas nnmber of strokes in 
a given time accordingly. 

H ia the ednction-pipe leading from tbe bnttom of the exhanat-valve nozzle F to tbe condenser 
K. L is the air-pnmp, 2 ft. 9 In. diameter, tbe bucket of which has a stroke of 5 ft, half that of the 
piston. N is tlie feed-pump, of the ordinary plunger deecriptian. 

As an example of the horizontal type we give a high-prennrc engine of 12 horse-power deigned 
by N. P. Bnrgh. Figs. 6943 to 6979 are to a scale of I in. to the foot; the remainder being to 
a scale of 1| m. to the foot. 

Fig. 89i3 is a side elevation, and Fig. 69M a plan, showing general arranjtemont. 

Fig. 6915 is a diagram showing action of levers wbioli command the slidovalve. 



Fig. 6952 is a plan, and Figs. 695H, 6954, are Motions, of tbe piston. 
F^, 6995 is a plan and sections, and Fig. 69S6 about elevation, of the slide-valre 
Fig. 6957 is a plan, and Figs. 8958, 6959, are sections, of the slid»<»sing. 
Fig. 6960 is a side and front elevation, and Fig. 6961 a plan, of the connecting rod. 
Figs. 6962. 6963. are a plan and end elevation. Fig. 6964 a side devation, and Elgs. 63 
re amtiona, of Ihuniag. 
Fig. 6968 is Ml elevation, and Figs. 6969, 6070, are Motiona, of fly-wbeel. 
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Fig. 6971 is a plan, Ftg. 6972 a ftont eleTatkm, and Figs. 6978, 6974, are aections, of the 
starting and governor yalve. 

Fig. 6975 is a plan, Fig. 6976 a front elsTation, and Fi^. 6977 a section, of feed-pnmp. 

Fig. 6978 is a section of feed-pnmp relief-valve, and Fig. 6979 a section through safety-valve. 

See BoiLSB. Dbtaiis of Enqimbs. Enoinis, Varietiea of, 

STAYB-lfAKING AND GA8K MACHINERY. Fb., Machines h fabriquer le$ douves et Us 
harils; Gkb., Dauben wnd IhsS'Maschmerie ; Ital., MaccMna da boUii Spah., Ma^naria para haoer 
duelas y barrUes, 

Oeorge HadfiMs Machines for making Casks.— Waoh of the machinery nsed in the mannfactare of 
casks has in itself no pretensions to novelty ; but no good idea oonld be given of the system without 
oarryine the reader through the various processes. Let it be supposed that casks of 86 gallons are 
required to be made for containing beer. The timber employed is that known in the market as 
Dantzig pipe staves, which measure 5 ft. 10 in. to 6 ft. long, and in cross-section present a square 
figure of abuut the dimensions of the breadth of the stave to be cut. The square togs ore first cut 
into lengths, equal to the length of stave required, and the short ends put aside for making the 
eadc-heads. In order to out up the logs expeditiously, a fixed trough or angular guide is provided 
to receive the log, whose end is brought up against a fixed stop near the end of the guide. A 
transverse slit through the guide allows a circular saw to pass through it and sever the wood. The 
saw is carried at the extremity of a balance-frame, which is depressed by hand, to bring the saw on 
to its work. It is driven by a band from a pulley on the oross-siiaft, which forms the fulcrum for 
the frame. 

The blocks, thus prepared, are next split up to the proper thickness for staves, by the aid of a 
saw-bench ; the block being pressed by hand against a rotary saw, which projects up through the 
table of the machine, and guided by a fixed vertical ^u^plate, over the face of which the block 
is bidden by the workman. In this way each block is divided longitudinallv into six stavesi In 
like manner the short pieces before menUoned are slit up, to form the heads of the cadt. 

The next operation is to gauge the length and bevel the ends of the staves. This is done by a 
madiine, shown in front elevation at Fig. 6980. It consists of a bed a, carrying two headstocks 6, c, 
the lattcff of which is adjustable. On the hoadstookB are mounted a pair of incUned rotary saws, for 
gauging and bevelling the staves. Between the saws is a sliding carriage d, on which the staves 
are severally laid, and the workman, holding the stave firmly, thrusts the carriage forward on its 
slides, and passes the ends of the stave under the action of the rotating saws. He then draws bade 
the carriage, and repeats the operation. This is the first shaping operation ; and at this stage tho 
stave is simply a fiat niece of wood of uniform thickness, but with bevelled ends, and its side ed^eo 
are souare and parallel to each other. It must, however, have imparted to its outer face a convexify, 
both in the direction of its length and its width, besides being tapered and beveUed. 
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To produoe the requisite convexity, a steaming and bending process is adopted. Tho staves exo 
thrown into a steam-chest, and subjected to the moistenine and heating effect of the steam for about 
five minutes, to soften the wood. They are then packed upon carnages similar to that shown in 
side view at Fig. 6981. A series of these carriages is provided, to run upon a double line ot rails 
laid under a shed, containing the steam-chest Ae carriage, it will be seen, is a kind of truck a, 
on which two transverse rollen 6, 6, are mounted, for supp(»ting five piles of staves abreast of eacdi 
other. The peripherv of these rollers is concaved, to give a transverse convexity to the staves, when 
pr es s e d down upon them, and midway between the ndlen 6 is a pair of standaras c. The cairiago, 
when laden witn the piles of hot staves, is moved forward under a screw press standing over toe 
railwav. A transverse bar, provided on its under side with curved pressing pieces d^ is then forced 
down bv the press into contact with the staves, until they take the curved rorm. Fig. 6981. Pine 
or holdrasts e, passed through the standards c, then retain the pressing bar in its place, and the 
carriage is released from the press to allow of a second carriage-load of staves being similarly treated. 
The carriage, when released from the press, is turned on to a second line of r^ls, and there left 
for the staves to cool, and thus receive a permanent set 

The next operetion is the jointing of the staves ; ^at is, the tapering of the opnosite ends, and 
the bevelling of the edges. By hand, this operation is very irregularly performea, a hand-plane 
being used, guided only by the practised eye of the workman. The surface of the joint is, moreover, 
smooth, which increases the tendency of tho staves to start when the cask is subjected to rough 
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In the ninting maubino, gbon n in side elcTniion at FifC- 6982, and Id partinl end dercttm 
enlarged scale, Fig. 6BS3, th« bUtcs ore joioted, bo m to be proctlcallj id«ntlML No 




fitting therefbre la reqnirad *>*> 

when setting them np to rortn 
ooake. This machine ooDSUtB 
of 'a long bed a, over which 
trayerseB. supported in suit- 
able guides, a 'damping b. 
This carriage rooeivee motion 
froin an endteas chain, which 
movea alternatelf in oppocita 
directions. The oamage ii 
fltted to reoeive aoimed stava 
and hold it down firmly bf 
means ofa olamp c, while the 
stave is presented to, and 
passed dovn under the aotioD 
of. a pair of inolined aaws d, d, 
wliich are aditutable both to 
and from auQ other, and in 
their inclination, to suit dilfo- 
rent sizes of starea. When 
the cairisge is at either end 
or its traverao, the attendant 
takes a onrred stave and 
clamps it in the oarriage. 
The retam motion will brinsf 
ihe stave under the ootion of 

the inclinpd saws, which will , _ . 

simuKaneouBlj joint the' opposite sid<« of the stave, thrieby redncing It to the required taper form. 
The altoodant then raises the clamp c. pnt« in and clamps a fresh slave, and the reversa motion of 
the carriage brings the stave, In like manner, under the action of the saw*. No lima is Iherefora 
lost in the worliing uf the maohine. 

In the manofscture of ale barrels, more ospFCialljt those Intended to receive pale and deHoatelf- 
flavoorod ales, it is important to get out the tannm from the wood. This is nanally done bj the 
process of oharring, bat the inner enrface of the barrel is thereby injured. To avoid this, a 
steaming prooesa is adopted. The staves to form the cask are put blether and bound by temporary 
Imss hoo[W. The cask is than set npon an iron ptate an<l over a elcam-pipe whli-h projects through 
the plate, and the top of the cask is mvered by a loose beail. Superheated steam is then let ir'- 






;, and in about fire minutes the dissolved tannin will 



Simerheate 
rickie dowi 



it of Ihe pores of the 



The operation of finishing the ends of the esks^ termed chining, which fits It to reoeivelbe 
heads, is eflk^ted in ft pe<mliar adaption of lathe, whioh is ahown m plan. Fig. 6984 ; Ihe barrel 
and its supports being m section, ^e end of the barrel a is Inserted in a ohnck b. carried by the 
mandrel c. and the ouierend is supported by a oone-&oed annular chuck d, mounted in a bearing r, 
carried by a sliding table /. whidi is capable of adjustment lengthwise of the Inthe-bed. This 
table / also carries two sliHe-resta g, A, in which are fitted the outteis for cliining the barrel. The 
cnttors of the slide-rest g flnisli the bevelled edge, and also boUow the inner face of the barrel; aod 
the cottnr of the slide-reat A turns the groove for receiving the barrel-head. Bobur motion is given 
to the barrel, and the cutlers are brought into aotion bj the altendant moving tbe oatten fay the 
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HttTlng thiu hi (Allowed the 
gluping of the bIuvm, tad the oon- 
Tcrrion of the BMM into ottdc bodle^ 
It will be neoeamr to diteot odi 
nttentioii to the formation of oaak- 
headi. This ia comporatiTel; b 
mmplsopention, but it bos, neveN 
theleso, developed Bome ingenloiu 
meoliHiiical devioee. The wood to 
form the head* having been split 
np u olrMdy deaoribed, ia mb> 
mittad to a jotntiDg machine. Fig. 
69SS, for BODSring the edge*. Tho 
wood IB piled np on a ttsTelliiig 
table a, a^dnst a gange-plate b, 
and hdd firmly by olueps c, c 
The tiaverM motion of thii bible 
over the bed of the maoblne caniei 
the wood past b rapidly rotating 
cutter d, whloh planei the edges 
presentedloitB&ction. Tbeolampe 
are then Blackened, and the pieoea 
requiring both edgea to be jointed 
are again Bubmitted to the action 
of the cotter. 

The dowelling together of the 
pieoes ia the next operation. For 
thiBpnrpoee their oonlaot edges are 
in turn pressed into contact with 
rotating drilla. wbirh rai>idly driU 
the dowel-holes. The aowel-pina 
are made by a eimple maohine, 
which, by a rota^ eaw, cute up 
■tripaof wood in width comepond'- 
ing to the length of pine nquired, 
and then, by a rotary nollow cutter, 
ronnda the endB of the pins. 
These pinB are driven iuto the 
drilled nolea of one pieoe, and a 
ooneipondinK drilled pieoe is foroed 
into oontaot therewith ; and in like 

which are to form a h««d, are ham- 
mered together, and held fust by 
the dowd-pinB. llio next opera- 
tion ii to cut these dowelled pieoea 
into a oiroular dlso, for which por- 
poae a modified form of band-saw 

Fig. 6986 shows m elevation eo mnch of a bend-eaw adapted for ontting ont the headg of casks, 
as will eiploin its action ; the object being to cnt the heads with rapidilv, and of ciny dpsired size. 
a is the snw-blada, running over tension -pnUeys 6, fr. On a plate capable of eliding in guides on 
the table of the machine, ii mounted a horse-sboe swing f¥ame c, for receiving the wood to be out. 
This frame is oapable of adjnstment to and ftom tbq saw. to suit different diameters of cBsk-heiid. 




Hie frame <- 



I provided with two swivel clamping jaws, d and t, the upper one of which ia cnpabb 
' '' '' "' ' winch-handle, for the purpoBe of clai ' 

Bests / Mid g are and for steadying 



..ngjBWi, ..,.., 

vortical screw and wtnch-handle, for the purpose of olamplng the 

to be placed between them. Bests / uid g are ossd for steadying the wood. 
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To briDg the work Into omtact with the mw, it ii only woemarf to iwing the fnme « on iti 
fukmm. aad the a»vr facing wt ia motion, it will quickly enter the wood. The attendant than gnra 
the wood a alow axial notioii under the mw, which shaiiea it into a dicnlar diac Thia faeiog 
done, ha BlackeoA the cl&mpc^ and TsleMea the diao ; tneo pnta in another head, and tepeato 
the operation. 

Id order to oomplete the head, its fetifberj hai to be beTelled, to St the graore in the oaak ; 
and to ensnre a pennanent tight innctioa with the oaak, it haa been fbnnd neceeatuy to tnm 
the head oval, that ia, with a alightl; anperior diameter, acroaa the grain of the wood; th^ ia 
to allow for ^riokage. For this pntpoae, the madune ■boon in aide eleration. Fig. 6£^, and 
in partial end view. Fig. 696S, la emplojed. It it Kimenhat oomplei in ita conatractioa, but 



the felloviDg deaeriptfon will give a bur 
notliiD of ita action. The diao U> be turned 
ia plaoed between awlTel-«lampe, a, b, which 
are carried by a alidiiw tabic and bracket- 
arm, c. The diao ia held b; the table and 
taBidcetIalhelii)eofeDt<tfap^ of rapidly 
rotated ontten, d, d, wliicb are monnted on 
atrareraingTertieal bame, that alideaaoron 
one end oT the maohfne. These oattera aro 
driven in oppoaite direotinna. and are in- 
tended to aot alUmotely on the head, and 
thereby eat the wood in the direction oi the 
grain, witbont the rotation of the hetul being 
required to be reveraed. A alow intermit- 
tent axial motion ia given to tlie bead, by 
gearing operating the apindle of the lower 
elamp^; and at the same time a alight 
traveiBe ia given to the table i^ with ita 
braakel«rm, in order to enanre the oval or 
irregular turning required. The oattera 
ore suitably formed to out a doable bevel, 
and they ate moved into and oat of work 
by the attendant, who^ watohing the udal 
iDOveiDent of the head, slidea them to and 
fro aa required, by turning a tnveraiDg 
anew «. The head being flniahed, the 
upper olamp a ia raised by Uie hand-wheel, 
and the head replaoed by another diao: care 
being taken (o place it in the machine 



viae of the grain. 

Fig. e 

if Alfied 






aervua to illustrate the actioi 




**.f"'^ Benater'a barrel-hL^ading machine. The ol^ect of thia machine ig to plane the npper 
•Dittoe of a barrel-Lead to the desired oval shape, make the upper and lower chafer, and al^ to 



nvolve, clamp, and loosen the work automatioally, the attention of the operator being only required 
to arrange the pieoee for a head on a table in front of the machine and ptudi them tbrwud. In 
doing thia, tbe finished head ia pushed out on the oppoaite side of Ihe nuohine and di " " 
table placed convemeotly to rt«eive it. ReferrinK to Fig. 6989, ia a revolr 

randnng toothed ringa; and H, H', riaing and Mllng fnunea arr&nitcd to aet Ir, 

^planerO U ia a turn-table ; P, arevolving natter; I,8tBndard; K, a hinged board'; B,alever: 
Q, a sDBb, the alternating motion of all thoee parte btriog given by the cam L. 
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In banding or traasinff cuka, it is well' known that the metal hoops reqniro to be slightly 
ooned. to allow of their ntting tiffhtly the tapering periphery of the cask. This is effocted by 
a modification of the machine of Horsfall and James. The hoop iron, ha?ing been out to 
lengths, and punched to reoeiTe the rivets for oonpling the ends, is passed between a pair of 
nipping rolls, one being set slightly ont of the horisontaL A tighter nip is therefore given 
to one edge than the other, and the metal is thereby- slightly spread at one edge. A third 
roll, set higher than the nip of the nair of rolls, tarns the hoop iron upwards, and causes it to curl 
into the form of a hoop, which hoop is then riveted by hand, as usuaL 

The oasks may be trussed by hand, but preferably they are trussed by a modification of the 
machine of Robertson. This machine consists of two conical metal cases, which fit one on to the 
other ; one being fixed, and the other movable, bv the action of a nress. The cask may be built 
up or inserted & one of these conical oases, which are each divided down their middle, and the 
parts coupled by tightening screws. They are also grooved, to receive the metal hoops. When, 
therefbre, pressure is applied to bring the two ooni^ cases together, the cask is fbroed into the 
hoops placed in the grooves or recesses. By slaokeninR the coupling screws and separating the 
conical cases, the cask, now mechanically trussed, is reaouly removed Sam the machine. 

With the assistance of three attendants, the steaming and bendine of the staves, to fit them for 
the jointing machine, may be eifected at the rate of forty staves in five minutes. The jointing of 
these staves, with the aid of one attendant, is completed at the rate of three a minute. To chine a 
cask — ^that is. to turn and groove the ends— with a man attending, requires three minutes. Bound- 
ing the cask-heads by the band-saw is eifected at the rate of sixty an hour. And the oval taming 
and bevelling of the heads is completed at the rate of twelve pairs an hour. 

See Wooi>-woBKiMO Maohinsbt. 

STEAM-GBANE. Fb., Orue h vapmr; Gas., Dampfhrdkn; Ital., Qr% a vapote; BPAH.,^nui 
diffapor. 

See LirakHoifn, ahd Exjbvatobs. 

STEAM-ENGINB. Fb., MacMnt d vqpmr; Gbb., Dampfmoichme ; Itau, MaocMna a vcgxre; 
Bfak., MdquiM de vapor. 

Sob Bohjbb. Evoimb^ VaHHin of, Statiovabt Enoinb. 

STEEL. Fb^ Aoiar; Gbb., StaJd; Ital., Aeciaio; Span., Aoero, 

The term steel is vaguely applied to oinrtain combinations of the metal iron with carbon ; thus 
considering wrought iron to contain little or no carbon, cast iron asmuch as 5 to 10 per oent. of 
carbon, steel has been regarded as occupying an intermediate position ; but as there is no boundary- 
line existing in reality, and as the percentage of carbon can be decreased hj the sUghtest shades, 
gradually forming a continuous series between cast iron on the one side ana wibught iron on the 
other, there is no possibilify of taking out any particolar part of this oonthiuoas gradation and 
distinguiBhing it by the name of steeL Other substances, such as tungsten, wolflram, also enter 
into the com^sition of steel, and considerably modify its properties and uses. It would be a good 
method, therefore, to call every combination of ifon -with another chemical element a steel ; and to 
distinguish between the varietieB of steel, both with regard to qualitative and quantitative diflbr- 
ences of compodtioa 

The colour of steel is a bright greyish-white ; its texture is uniformly granular, the better the 
quality the smaller tiie grain. Sound soft, that is, unhaxdened. steel never exhioits the coarse 
texture charaeteristio g^ crude cast iron, nor the fibrous texture of bar iron. Hardened steel shows 
a fracture very dmilar to that of the finest silver, so close that the granular texture can hardly be 
detected by the mUced eya When red-hot, steel is nearly as malleable as bar iron, and may be welded, 
but vexv careftil management is required to prevent ite becoming decarbonized By immersing a 
piece of steel in dilute hydrochlorio or nltrio add the t^ture of the metal becomes apparent, and 
this test may be applied to determine the quality. The speoiflc gmvity of steel varies from 7*62 
to 7*81, and decreases in hardening. The toughncM, tenacity, and hardness of steel increase 
with the quantity of carbon it contains^ but good steel never contains graphite. The high degree 
of elasticity exhiSited by good steel decreases with the hardness. 

After what has been said on alloys generally, and on those of iron in parttoular, it is not diffi- 
cult to understand the relation in whioh carbon stands to iron ; and there is no doubt as to the 
necessity that it should be present in iron in order to constitute steel. We find, so fiff as carbon is 
oonoemed, that iron with less than *6S per oent. of carbon is wrought iron ; from that to 2*8 per 
cent, of carbon, forms steel ; and when the quantity of carbon is larger, the metal is considered cast 
iron. There are other substances whioh impart hardness to iron, and perfbnn in that respect 
a similar office to carbon. 

The different methods employed for producing steel may be classified as follows ; — 

1. From the ore direct, by reduction and carbonisation. Ore steel. 

2. From ^ iron by decarbonization. Piff-iron steel. By means of gaseons oxidizing agents, 
as air in the jossomer process. By means of solid oxidizing agents, as are saltpetre, and so on, as 
in the puddling process and Heaton's jprocess. 

3. From wrought iron by carburation. Wrought-iron steel. By f^on with pig iron, as in the 
Siemens-Kartin process. By fusion with carbonaceous matter, as m Mushet's, or the Indian pro- 
cesses. By heatmg in charcoal below ftuion, as in the cementation process. By heating in an 
atmosphere of carburetted hydrogen without fusion, as in Macintosh's process. 

A comparison of specimens ofvarious kinds of steel shows that the quality of the metal depends 
ohiefly upon the nature of the raw materials used, and aocordingly it is onlv where the very best 
ores and purest ooals are employed that we find the finer grades of steel produced. 

We shall not here describe all tiie numerous methods in use for the manufiMsture of steel, bat 
only those most extensively practised. 

Cmnentatum SUeU — The converting ftimaoe used in the manufacture of cementation steel, con- 
sists of two rectangular chests, called pots, s s Pig>- ^^90 to 8993, made of silioious freestone or 
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fire-briok, capable of bearing a great degree of heat unchanged. If of freestone, the stone is cat at 
the quarry into rectangular pieces, all 6 in. thick, and so ananged as to form, when put together, 



6890. 





6M3. 




two chests from 12 to 14 ft. long, and about 8 ft. 6 in. 
wide and deep, supported, even where the ground 
is tolerably favourable, upon about 4 ft. of solid 
masonrv ; ibr it is of the greatest consequence that 
there should be no sinking or giving way of the 
foundation, so as to crack the chests and admit air, 
which would spoil the conversion. The masonry 
should finish with a oonrse of fire-brick ; and upon 
that again is laid cross-waUs of fire-brick, 10 in. thick 
and the same distance ftpui, upon which the chests 
will immediately rest, while the brick divisions form 
flues undemeatii them. The chests are placed 18 in. 
from, and psjrallel to, each other; and the space between them is divided into fines /, /, correspond- 
ing with those which pass underneath, up the opposite side, and at the ends of the diests, into the 
fire-brick wall which covers them all. 

This vault m has an arched opening at each end, large enough for a man to creep into when it 
is required to lay in iron or take out steel ; at other times they are bricked np temporarily, and 
plastered with olay or wheelswarf, a mixture of grit and steel dust obtained from grindstones 
employed to grind steel articles. There are also two small temporary openings, one over each 
chest, through which bars can be put ; and in these a piece of sheet iron is laid when so used, with 
the edges turned up, to pass the bars more easily and prevent injury to the brickwork. 

Out of the vtftilt rise three small chimneys on each side opening into the large cupola, which 
carries the smoke to a considerable elevation, and prevents the wind fh>m having much effect upon 
the draught of the furnace fire. The fire-grato k is under the middle row of fines, and the whole 
length of the chests. It has a strong metal door at each end, which is kept close shut, ezoept 
when a fresh charge of coal is being put in. The fire-brick work and also the chests are built with 
ground-clay and water, mixed to a proper consistence, instead of lime mortar. 

The bairs of iron submitted to this process are principally from 2 to 8 in. broad and | to } in. 
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ttidk, except where ihey are reanired for lanway Bprings, and then they are made ftom 8* to 4 in. 
ift breadth. A layer of charcoal powder is spread over the bottom, then a layer of bars, and bo on 
altemately. The edges of the bars are laid so as to touch each other, or nearly so, without any 
particular vllowanoe for expansion in that direction ; the inequalities in the ban being sufficient 
for that purpose. A layer of bars should be. covered about } in. thick with ohaiooal, finishimr 
with a thicker layer fha& «nal over the top. After both chests are filled they are covered over wilS 
ftom 4 to 5 in. in thickness of ^ U al n warf. This grit contains a portion of iron and steel, and their 
oxides, m minute divisions, intimately vnasd with the grit, which seems to possess the valuable 
property, for this purpose, of undergomg a paxHal fanon when hot, and forming a kind of dnderv 
slag, which perfectly protects the steel underneath fx)m the maUaa of the air^ 

Each furnace has a square opening of about 5 in. in the centre oftha end of one of the oheets. 
which 18 continued through the walls to the outside of the furnace, into whM tW9 m thiee ban! 
adled tap-bars, are kid, partly in and partly out of the chests, but in such a manner that they cm 
5®,, '^??^ ?°* ^^^? required. To prevent acceas of air to the chest, the rest of the openinir is care- 
fully filled up with fine ashes, well rammed in. The man-holes and small openings we now made 
up as before mentioned ; a fire of coals, which has been previously prepared, is put upon the erate 
at both ends, and will require constant attention day and night for six to eight daysT The £e is 
raised gradually, and the intensity of it regulated solely by the experience and judgment of the 
converter. ' ^* 

The coal raltable for amverting is such as will bum away in a good draught, leaving acaroely 
k«J f«d»'»n^ .^'>*;jli»te ashes, whidi fiOl between the ban into tl.e ash-pit That coal which li 

S^"S! 5*°' ^r2^" '^*° * "?^^ ^•^ «^^^®' ^o"^<^ no* ^ »* all. htcKcm in that state it would 
stop the draught from passing between the giate^ban through the fire. Each firing wUl take from 
4to 5 cwt. of coal, and wdl require renewal every 2» or 8 houn ; and a heat of steel converting will 
Se Sei *^®'*^ ^^ to 13 tons of cod or more, aaxuding to the siie of the furnace and the 

A ftirnaoe of the nie generally pre fe ned will hold from 16 to 18 tons of inm. In larger ftimaoet 
the steel cannot be so equally converted ; and in smaller the conversion costs more a ton. The iron 
is oonsadend to sain abonl 4 lbs. to the ton in this process ; but this will depend upon the kind of 
beat used, whether a mild one for springs, or a hard one for melting; bni aflar all, the gain in 
weight musl only be regarded aa an approximation. 

When the flro has been oontinued so long that the degree of oonversion desired is supposed to be 
nearly attained, one of the tap-ban ia drawn out — ^the opening stopped up. When odd, the bar is 
broken ; and by its appearance a judgment is fonned of the stake ox the whole, and the firing regu- 
lated aooordingly. In a few houn more a second bar is drawn, and the progress made in the 
interim observed ; this is a further guide for the continuance of the tie for some tune longer, or for 
allowing it to go out, as the case may requirsL 

The whole quantity put into a converting fnmaoe at one time is oalled a heat of steel ; and, 
aooording to the degree of carboniiation required, it is called a q>ring-heat, a eutler'a-heat, a sheaiw 
heat, a iOe-heat, or a melting-heat When the fire is let out, the furnace requires no attention for 
three or four dava By that time the man-holes may be opened to allow a draught of air through, 
to hasten the cooling; and in a few days more it will be cool enough for a man to enter, in order to 
brenk the ooven oiCend take out the steel, which is generally done while the steel is still too hoi 
to be taken out with the bare hands. The men's hands are protected in doing this by several thick- 
nesses of ooerse cloth. 8ome of the charcoal, when the small dust is sifted &om it, will be fit to use 
again mixed with ftesh oharooal. 

Steel obtained by this process is never quite equally converted. Near the bottom and sides of 
the chests it is more carbonixed than in the middle ; and this is true also of every single bar, the 
external being more converted than the ihtemal parts. The ban are also oovered with blisten ; 
thisgivea rise to the appellation, blistered steel. 

Ttie blisten are doubtless owing to some impurities in the iron, which in the ftirnaoe take the 
gaseous form, and raise the blisten by tlie force of their elasticity. What those gases are is 
unknown ; but it is known that, whatever the impurities, they are got rid of in the omcible of the 
melting furnace when bar steel is made into cast steeL 

Bwumtr FrocetM. — ^The most recent and advanced practice in the working of this process was 
ftilly dessribed in a lecture given in the United States by Alex. L. Holley, and to his lecture wa 
are neatly indebted for the following particulars. 

The Bessemer proceas as first p^ranned, and as still practised to a very limited extent, with 
irons rich in manganesct oonsista m applying the blast untU all but ^ to |^ of 1 per cent of the 
carbon is burned out, and then casting the product. Stopping the blast at this point, however, ia 
very uncertain ; hardly any irons contain the right amount of manganese for this treatment, and 
the prooeas has oertain mechanical objections. Hence the nearly universal ^iraQtice ia to blow the 
iron until all the carbon is exhausted, a point readily determined. But the product now contains 
so much oxide of iron, that it is red-short and crumbles in working. To reduce this oxide of iron, 
manganese, which has a stronger affinity for the oxygen than the iron has, is added, by running into 
the converter 6 to 8 per cent of melted Fnnklinite, or splegeleisen, which is a pig iron containing 
about 10 per oent ofmanganese. One quarter to 1 per cent of carbon is also added to the product 
by the spiegeleisen, so that the result is the same as in the first prooess, and the convenience and 
economy are far greater. 

No phosphorus whatever is removed from the Iron in the Bessemer process, and only 12 to 15 
hundredths of 1 per cent of phosphorus are admissible in steeL More will make it both brittle 
and unmalleable. Hence the pig iron treated must not contain above one-tenth of 1 per cent of 
this element. The usual percentages of sulphur, manganese, silicon, copper, and the foreign 
elemcnta commonly found in average pig iron, are admissible. Suitable ore for Bessemer iron ig 
unlimited in the Lake Superior snd Missouri Iron Mountain regions, and ia now developing 
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A BtaudAnl Anuriofui Be^ 
Mmar pliuit ^*" ft meltliig d^ 
partineni ThU If Bbown in 
pUo, the grcnnid floor bj Fig. 
6991, the hmaoe working floor 
by Fig. 699% and the enpol* 
oWging floor by Fig. 69!)9. 
Fig. 6997 i» a aecUon at A B, 
Fig. 6994; and Fig. 6998, eeo- 
tioQ on E F, Fig. 6996. There 
are hoists at a Ibr ooal, and at 
AfbritOD; four oapola fiunaow 
and their platrorma and blow- 
ing maohinar; ; two ladlet E 
■tuiding on scalea, for wagh> 
ing the melted iron, and aponta 
H, N, Fig. 699S, for oondnotlng 
It to the Towoli, or ocmverters; 
two rererberatory hmaoes for 
■pi^leiien, end their apoata. 

The oonyerting dspartment, 
shown in gioand plan by Fig. 
6996, and in eroa n B c o t ion ^ 
Fig. 6998, ooutaiiu two 5-ton (o 
7-ton yewele N, in whiuh the 
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melted Iron fa treated by ^r-bUrts. AIm k btdle and a hydmulio IwUe-orue at B, Fig. 8996, bj 
meaiu of whioh the ateel is raoeired from the veoeb ud pomed into th« iosot-mouldL iSkh itand 
uponadepraaeedmrtof the floor 
called Uie pit Tbrae other by- ****> 



MgningoTerthe pit, 
to set tba iugot-moulda cud le- 
moTe and load the ingota. Two 
of them iwing orer Uie veaaeb, 
to anUt in tlieir daily tepaira. 
The mtei and air pleasure met- 
Toim aM ninnotmled by a plat- 
form. Fig. 6998, atanding npun 
whidi, Mja, by tuning Talvei, 
admit water to the cranei and 
air to the veiaali, by means of 
ondergroond nlpea. Alltheooo- 
■tant operations oC hoisting, 
lowerina;, and blowing are con- 
docted from this pUt- 
form, which oTerkxiks 
' e oonTsrting 



parts will be further 

Tlie engine da- 
partmeot oontaina a 
olowinf engine, nm- 
ally a donUe engine, 
capable at normal 
qieed of reeeiflug 
BOW to 11,000 oub. a 
of air a minute, and 
deUvniugitatSSIba. 
pnMoreon tbeiqnare 
ineli. Thewaler-pree- 




9, and two 9-in. water-oylindan, 24-in. stroke. The bolteia shculd be capable of 800 hone- 

liie pig iron, having been biHsted to the charging platform, is pnt, with 20 per cent of eoal. 
Into one of the cupohi^ and melted. When ny 12.600 Iba have ran into one of the ladle* K, the 
latter is turned orer by means of a worm-wheel, thna ponring the iron into the spout whtoh leads it 
to one of the iimiiIi 

Befbre following the iron through the eonT«ting praoaa, let us glance at the oonttrnction of 
the *e«d, of which Figi. 6990 to 70U an the nmpteat form. A TeNcl that will oonnrt a Moa 
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eharge is 8} ft. in external diameter, and 15 ft. high. It ia made chiefly of i-in. to f-in. iron plates, 
and lined nearly a foot thick with refractory material. At one end it has an 18-in. opening, called 
the noee; at the other a tuyere-box a, Fig. 7001, communicatiDe with the blowing engiue. From 
the tnyere-box, twelve fire-brick tuyeres, each perforated with twelve |-in. holes, project through and 
are imbedded in the lining. A tuyere is shown in section by Fjs. 7003. These tuyeres last but six 
or eight heats, and are arranged so as to be rapidly renewed. The vessel is mounted on trunnions, 
and turned by a hydraulic cylinder, by means of a rack and pinion. When the charge enters, the 
tnyezes are turned up, Fig. 7000, so that the iron will not run into them. The blast is then 
admitted, and the tuyeres turned down so that the metal will flow over them and be pierced by ths 
entering columns of air. The cubical contents of the vessel is eight to twelve times that of a charge 
of iron, in order to give room for ebullition. The vessel lining is heated red hot, and the fuel 
discharged before the iron is turned in. 

The iron is now subjected to 120 streams of air, | in. in diameter, at 15 lbs. to 25 lbs. px^ssure, 
for about twenty minutes. Most of the silicon ik first burned out, the result being slag, and a 
comparatively dull flame at the converter mouth. When the carbon beeins to bum freely, the 
volume and brilliancy of the flame increase, and as the surging mass grows hotter, and boils over in 
splashes of fluid slag, the discharge is a thick, white, rquing; dazzling blaze, and the massive vessel 
and its iron foundations tremble under the violent ebullition. 

Towards the close of the operation the flame becomes thinner, and when decarburization is 
complete, it suddenly contracts and loses illuminating nower. The determination of this period is 
the critioal point of the process. Ten seconds too muon or too little blowing injures or spoils the 
product At the proper instant, as determined best by the spectroscope, or by coloured glsssee, but 
usually by the naked eye, the foreman tunis down the vessel and shuts off the blast The charee 
of melted spiegeleisen is then run in^ when another flaming reaction occurs. The vessel being stiU 
further depresasd, the steel runs into the ladle^ pure, white and shining, from under its ooating of 
red-hot sla^. A blanket of ala^, most useful in preserving its temnerature, follows it into the la^e. 
The metal is now led into the ingot-moulds, by means wmoh will oe further illustrated. Alter the 
exterior surface of the steel has crystallized, the mould is removed, and the ingot is ready for 
reheating and rolling. 

Having thus taken a general observation of the Bessemer plant and process, we are prepared to 
analyze the peculiar mechanical requirements, and the way in which they have been met 

This subject divides itself under two heads ; — 

1. The oBxdinal requirements upon which hinge the production of steel at all, whether fast or 
slowly, expensively or economically. 

2. The mechanical refinements, upon which conuneroial suoceas depends. 

The first radical feature of the Bessemer apparatus was imbedding the tuveres in the lining of 
the vessel ; or, in other words, the perfbration of the bottom part of the vessel lining. The bottoms 
of the tuyeres are luted with plastic day, inserted in openings in the tuyere-box, grooved to hold 
the luting, so that no air can leak by, and held in place by a doff. Figs. 7002, 7003. Semi-plastio 
refractory material, chiefly ground siucious stone^ ia then lammed between and around the tuyeres, 
thus fbnning the continuous lining of the vesseL 

This feature is essential to the maintenance of the tuyeres. It is obvious that a naked refrac- 
tory tube, projecting into the molten metal, with iron and sla^ alternately wearing and chilling 
on all sides of it, is ifar more coeUy to construct, operate, and maintain than the mere end of a brick 
block Ijring flush with the lining, and that any apparatus to insert and withdraw a tuyere must bo 
expensive and easily demnged by the heat and splashes, while theperforated bottom requires no 
moving apparatus additional to that which rotates the vesseL Tne perforated bottom, for the 
introduction of the blast beneath the iron and in numerous jets, is also essential to its violent and 
dirtribnted agitation. 

The second radical feature is the rotating vessel. A stationary vessel having similar tuyeres 
met with a very limited use at the introduction of the process ; but as reoarburization cannot be 
performed in such a vessel, and as it is otherwise impracticable for a maximum production, we 
may properly omit its consideration. We have already observed the value of the rotating vessel in 
placing the tuyeres under the. metal to blow, in removing them to stop blowing, in receiving the 
iron from the cupolas, and in pouring the steel into the casting ladle. To assure ourselves m iho 
simplicity and perfect adaptation of this means to these ends, we have only to try to imagine an 
inadequate substitute. If a tnvere fails while blowing, as ia ofUm the case, at the flrst indication, 
the prorated bottom is turned up out of the metal, where it can be reached and repaired. The 
defective tuyere is out out, the hole is rammed full of moist clay and sand, and the blowing is 
resumed with the remaining tuyeres after five or ten minutes' delay. Three or four of tiiese 
dummies are sometimes inserted without reducing the day's product If the tuyere of a stationary 
vessel fails, the whole charge bums through the bottom, causing serious delay and kss. 

The tuyere-box is an important part of this system. It forms a common blast reservoir for all 
the tuyeres, the air being brought to it from the regulator through the hollow trunnion of the 
vessel. By breaking a shigle joint, that ia to say, by removing the tuyere-box cover, either of the 
tnyeres may be examined and removed. 

One of the neatest of Bessemer's minor inventions is the air-space c. Fig. 7003, left between the 
top of the tuyere-box and the bottom of the vessel. If any blast Ic«kks by a tuyere, it escapes into 
tms passage instead of cutting a channel clear through the lining alongside the tuyere ; or if a 
tuyere bums down too ^ort the sparks escaping through this air-space apprise the workman in 
time to turn down the vessel before serious damage is done. 

The shape of the vessel is an important feature. The interior is well foraiQd for resisting 
wear, for thorough agitation, and for the preservation of heat The nose is eonally convenient for 
ohaiging and discharging the metal and for discharging the gaseous products of combustion into the 
chimney. The angular position of the nooe gives the vessel so large a capacity when lyiug on its 



nnaral feature* it nus the fint, uid m here preamttxl it was the wcond veoMl iutrodncad by 
The ladle-ontne, Figs. 70H to 7008, la Miother ndioftl deputore from the neuwt fdndied 




SCMtiee. The Indie, instead of BTinKfng from a cnne chain, as in a fooDdj;, la ilsldlj hdd in a 
i«d otbit. This re«tiire wu origiul with Benemer, and to it Iia added the old ladle with a 
Siurfng noizle in Its botbuu, regulated by a mOTable atopper. Thia ooosieta at a kam-coated tod a, 
[g. 7009, onoed at its lower end with a roood-ended flie-briok or plumbago atonnr, fitted to the 
ooneave top of a flie-brick notile. The stopper ii raiaed and lowered by a lever (, ng. 70L0, in the 
hand of tlie workman. Thtia the heaTT sted ia diaoharged pnre^ while tt» lighter alag aod impnil- 
tlee are left at the top. Footing »teel ioto moolda over the tim of a ladle, aa in foimdiiea, would 
make exoeaaiia aciap bom qiillin^ and chilling, and is wholly imprsoticable. The Tertioal motion 
• '" ~™-mf ftom the tmbsI, to keep the ladle cloae nndet the ■"— ""~ 
tteam end consei^aent '' — — n«..i.ai. j-.i_.i — j 
a ragolate the poaition 

epabs. 

The ladialmotiooortlie ladle, by meanaoTaiaok Ota anew 1^ ianeoeaMty toadjnat the atream 



of the crane la neceaaar* in ponimg torn the Teasel, to keep the ladle cloae nndet the noee 
preventing too neat a fiul of ue atream end conseqnent Blopptng. The ladle ta alao tipped by a 
and wotm-wbeM A, Pig. 7004, to ragolate the poaition of tlie nonle over the mouldi^ and tc 
over the ladle for heauw and repaits. 

The radial motiooortlie ladle, by meanaoTaiaok Ota anew 1^ ia neoeaMty'to adjnat t 
vattically into mootda standing in different poaitloD* ; and it ia oonvenient in properly p! 
ladle nndet the veaaet's ncee. 

AguiD, the MotuateaclJDating of the stopper in the noBle la i&eted by Dwanaof a lunged plate^ 
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figi. 7009, 7010, lo vhieh the rtopper, slide, nod lever ue Attnohed. These IMer featniee tie 
peonlilu'lf AmaricajL 

FigB. 7011 to 7015. the EnglUh ladle^cnne. The ram hu no top mpiKirt. The jib rerdlTea 

oQ frictlon-nilleis, and thd weight of the ladJe U ooontertwliuioed. The deUile of oc 

be fuithei lettered to. ~ 






A vnylBTKeaud regnlu prodact Ii caaentialtoootiinierciKlmooeaBin thenumitiMJttm of steeL 
The Mune angine BDd boiler oepecitj, theiBmeTeaelBUidBooeBorie^ the Rame qtuJitr and neaily 
the same einot of hydmalio machiaerf, tnelting appaiatoa, and bnildinga, are Teqnirea to make mx 
S-ton heats a day ae to make Eixtaea 5-ton heata a day, Bii heat* was the meximmn work in 
England a fer yean a^, and still is in Bome foreign worka, ten or twelve being the general averagp, 
while eighteen to twentj-fbnr beata are the standard praouce in Amerioa. Thie additional work, 
got ont of neaiiy the same capital, \a the reonlt of these meohanioal reflnementa. 

In order to obtain with Bessemer machinery the mazimam prodnotioD, its strength and dura- 
bility mnat be implicitly relied on. Ho weakness, irregnlarity, or inefflcienoy can be tolerated. The 
failnra of one little [Art may inTolve a whole system of machinery in costly delays and extensive 

Two veesela are simply indispensable. If a set of tnyeres will only endnre four to six heats, and a 
new set, together with its seotum of vessel lining, most be put iiL, dried, uid thoronghly healed 
beTore it can be tued, it is easy to see tliat getting eighteen hetitB a day ont of one vessel is beyond 
the present capaoi^ of reftaotorr materials. 

A doable blowina; engine, tost Is to say, two eogines connected, has nsnally been preferred, 
bat is not indlspenaaDle to nniform blest. Two disoonneoted engines, however, as first used at the 
Ckmbria Btael Worbgj in Pennsylvania, each engine large and strong enongh in an emergency to 
blow a heat, give the advantagee of the donble engine, and prevent delay in case one engine is 
disabled. Nor is this all Merely blowing say twenty heats oeonpiee bnt tea of the twenty-fonr 
honrs. yet the engine most ran ten or twelve hours besides this, at reduced speed aod pressore, to 
heat the vessels. Using ooe of the disoonneoted engine^ instead of the whole of a doable engine, 
far this pnrpose, uvea mnob steam and w — 



. jpaoi^. Twoonnesare neoeesary to reach over the two vessela; three an 

lensable to a prodnot of 80 or 100 Ions B day. Three cnpolas are necessary to give time for tlia 
B of their linings, allhoogb bnt one Is ran at a time. Foni are used in toe latest plants. Two 
rl fnmaces sib employed tor the same reason. 



repauB o 
spWelfi 



refOlly as to prevent ipilling, end so rapidly as to avoid chilling — reqaiiee not only strength 
of Mr^ bntgreat steadiness and oeleriW ia the operations, and abeolnte control of them b^ the 
woAmen. TbiM almoet neoeMarily involves the use of hydranlio machinery. A steam hotst, a 
simple ojlindel and piston, is wholly ioapplicable, by reason of the elasticity, condensation, sjid 
consequent nnrieadinese of the steun support A steam hoist geared, to overoome this difficulty, is 
liable to be disabled by heal^ splashes of slag and metal, and showers of sand. Nothing can be 
more simple and pennanent than a massive bydrsulio oylinder and rem. Water being praoUeallj 
unaltered in volome by any tempentnre or pnasure to whioh It is here aabjeoted, its motttm oan b« 



etntnUAd with tbe ntmort Dtoty, knd Ita otajing power, vhen plaoed, la lite flnt of m out-iion 
OolnnuL 

Ths difflonltj of lepaiiiiig the i^^torj Uninga, ««peoioltj the TMsel'a bottom, vAuo latti onlf 

fonr to eight heats, waa (or a long tiine the ireak point of the Bfaaemer Byatem. 

The early method of aettiog tnjsns vaa knooking out the atnmp left from the dsnodation of the 
bottom, and inserting a new tuyere from the tnyere-boi. The Teeeel being loo hot to enter tor 
twenty honri or more after a blow, for the purpose of fllliog and ramming the qnoe aronod (lie 
Inyerea, thii BpMe could onlv be filled by pooring semi-fluid re&uctory material into the nose of the 
Toeael, and letting it set as beat it might by the evaporation of tbe water. The bottom was thna 
pcaouB, and, nnlea long heated, it waa damp. The Eomtant breaking through of the ateol waa tho 
reault. 

Betaemer then deriwd tbe dnplioate bottom. Fig. 7016, oonaiating of a tojere-boi, tayerea, and 
•eotioD of lining, preriooil; tanuned asd dried. The old bottom, with ita tnveie-box, was witli- 
drawn bodily, and the oew one inaerted. Tbia waa a net improTement : hot still the annnlar apace 
around the new bottom bad to be filled with a aemt-floid material, juat like Uie apeoe around the 
Individua] toyerea in the old prftotioe ; or else the veaael had to afand idle a long time to oocj, 
ao that a workman oonld enter it and mm the joint. 




Adar • good deal of ^erimentiiiB, the simple otpe 
pbootlng tM lower part m the veMel, aa at ^ Figa. 
ramiaMnaoi &e onnlde with brioka or oakee of aenu-p 



tlie simple otpedient was arrived at in Ameriw of so oon- 

aa at D, Figa. 7017, 7018, that the annular space can be 

, Dtdda with brioka or ' - i • " ■ ■■ .".--.. 

giaflllinfebyinea; . . 

e Teaael lining, ia shown in Fig. 7017. The flUing Is then eovered with the platea N, Fig. 701& 
Thicdk are eottraed on : after bau-an-honr's heeting the vewol is ready for use. A new, djy, and 
tmatwuthj bottom can now be made in two honra from the la«t blow on tho old bottom, eo that one 
TCoel is alwaya ready. Six interchangeable bottoms are employed for two vesaela. This seems a 
small detail, but it has been the ohief cause of raiuog the pioduot of American works from ten and 
tvelre to eiehteai and twenty-fbnr heata a day, and it baa nearly done awny with what was some- 
tinies of daily oocurrenoe in the old practice — tbe burstiog through of the fluid metal, often ao 
suddenly and on muh a aeale aa to render temporary repaira impossible, ao that the whole charge 

The lining of the Teasel other then tbe bottom, with the beat Amsriean reftaotory materials yet 
employed. euduRB 400 to 500 beata. The beat Eogliah materials last twloe aa long. 

The Engliah veaael lining is a hard sandstone, called eanialer. It contains about 93 per cent, 
of allica, 4 per cent, ol alumina, I or 2 per cent of oxide of iron, and often a little aoda, lime, polaah, 
and other aubatances. It ia a true quartzlte. This is ground into sand and dnat. and mixed, some- 
times, but not always, with a little fire-olny while being ground. It ia then wetted lo a ccmi-plaatlc 
MHiaiBtenoy, and rammed into a solid wall, between an iron mould temporarily inserted and tbe shell 
oftbeTeaael. ThehardneaBandimifurmityot tho ramming is of special impOTtanoe. The lining ia at 
fiiat slowly dried, and then glazed by half filling the Teasel with ooa], and blowing for font to five 
faonta at fib. to S-lb. pressuro. Tho vessel ia then leady for uso. 

In the United Stales no stone einctly like ganister baa yet been found. Any hard, dense sand- 
atme, or any qnarti, mixed with 10 or 12 per cent, of ground finMilaj, is naed. The chemics] 
oompoittion of many of these atones is dmilar to that of ganlster, except that they contain a little 
lees alumina. The natural mixtore of the small amount al aiumina in ganister appears to giTe the 
mass a degree of density and colieaion, both wet and dry, that oan hardly be obtained with three or 
four timea the amonnt utificially mixed. Too much alumina ia chemically oaten away ; this is why 
tuysrea fail ao soon. A flre-briek vessel lining, thongh bard enough to stand tho abreeion o( tbe 
surging maaa, would be ohemioallv desboyed in a Tery few beets. Bilica, on the contrary, although 
nfraotoiY enoogti, ia soon washed away, beomee it will not fuse Into a dense mass. The mmha- 
rtical strnotnre ot qnattdte has an ImpiMtant besring on its endnranco when rammed into tbe Tcsael. 
The heat of foooaaslTeohargeaeompacts and hardens it. 

In order to place the tnoalda in the Ttaael ao that the lining material can be rammed around 
them, the Teasel mnat be taken i^art. Id many works, the Teoel ia divided new the oentre ; each 
aeetian ia tamed irith its larger opeolng npwara, and separately rammed. The two are then put 
togetlier with a lotlng of ttrcr^laf ; Uie whole opemtion oconp^ng thirty-«ix to forty-eight honra. 
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The Americ&D plan, jnat beioK iiitrodDoed, la that of duplicate top, ooltom, and nose sectioiu, which 
are prsTionalj)' rammed and diii:d. The centre eeotian, being mare difficult o( removal, on accouiit 
of tlie trunnions, is rajomed in its place, Tlia time lost In lining ia thus btoagbt doivn to about 
twelie hours. 

, The regulator bofore referred to, Figs. 7019, 7020, is a raised platform P over the air and water 
distributing apporutua, standing upon which workmen can obserTO and regulate all the motioos al 
the veasels and crones. The necessity of concentrating these operations at a |Kiiut out of reooh of 



..^. . . _ is with the blowing 

engine ; the water sod exhaust chambers C vith the prcsaure pump. D, D, aie tlie air-TslTed for 
admitting the blast to the veaseU i £, E, the 3-wa; and 4-wsy raives, construcled like gas-oock^ 
foi distributiag the water pressure to the hjdranlio ojliudura. Tljcir construetiou is ^ohq by 
Figs. 7023, 7021. This is Bessemer's Mil; regoUtor. A larget numbei of ?alvea, and manj im- 
piOTements in detail, hATO beea added. 




The Sogllsh form of iogot-orane ia illustrstod by Figs. 7021, 7022, All liydrauHc cranea used in 
Beasemer works consist of a verticsllj moving ram, to which a horizoDtal jib is attached. In 
ordinary cranes the jib does not move vortically, which is a serious compSLrative disadvantage, 
becauM all radial tmnsferonce of the loud must be done by raokin^ the jib-CBjringe, from which the 
load ia suspended, backwards and Forwards by slow-moving gearing o^ pulleys. When a jib rises and 
falls, its carriage may b<' moved todislly by simply pushing the load ; the oaniage nina on the jib, 
just like a car on a railway, uuliampercd by sheaves uiid chains. Bessemer'a crane. Figs. 7021, 7022, 
oooBlstB of a cylinder containing a rnm of two diameters, the smaller end passing through a bottom 
stuffing box, a^ the larger through an opper stuiting box. To the upper end the jib is attached. 
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The ditferenoe In oicw-BretioniJ area between tho two on.Ja of the mm is the una acted anon by 
the v&ter lolift it, TholateiBl atntin of thooTcrhiinKini: jib, on llio npperend of the mm.ia Terj 
groat, requiring eicesaive gtronglh : uid its friction in Iho stuffing hot is eo sorero that the ram 
often chatters in riaiDg, and the jil) can only bo turni'd in its orbit by mcanB of the independent 
head reTolring on loUera. The fouDdatifm mnat be hollow to get at Ibo lower stufflng boi, and vciy 
aolid and wide to keep the whole filructure bom tipping oTer. 




The wane gencnJly ustd in American works, Figa. 7027 to 7023, conaigts of ft cylinder, open at 
the t<>p only, and requu'ing chiefly vertical Bopport from the solid pier on which it resta. The ram 
piBsea through an apper stufliiig box. and tlirough a top support in the roof of the building, Thfl 
lib is placed between these supports, so tliat the lateral Htmin on tbo ram is oomparatiTeiy small. 
This is illustrated by the fact tliut no roUcra are required ; Iho ram turns in the stuffing hos. Tho 
jib of an 8-ton crane con be palled round its orbit by qqu hnnd. Tho rara is slipped niion a column 
of water which is sabslantially fricltonlesa. The bsp snpport hns iiruved itself conviniont, anil 
economical of power and repairs : aud, arter counting tho cost oE the supports in tho roof, this 
aystcm oT cranes Is less costly than Befsemer's eystom. 

Tho aiooimt of the hydraulic pressare employed has been regulated chiefly by tlie proportions of 
the crane: that is to say, it was found that for an tt-ton cmno, having a 10-ft. lift and 22-rt.jib, « 
13-in. ram was well proportioned for strength. Adding friction and Buctuations of pressure, it was 
tound Ibat 300 Ibe. an inch on this 13-in. ram mas abundnnt for nil emergencies, and Hie working 
piesirare baa been filed at aboat this point, inati-nd of being carried to 1500 lbs. or more, ns is so usual 
in other byihaulic machiner;. The oomporatiTe durability of valves nnJ packing under the low 
preasure ii very great. 

Hydiaulia pressure ii applied to the ordinary fbnn of orone, and also to tho lift for raising 
charges to the capohis, by moans of a sitaple cylinder, the piston-rod of wliieh pulls a chain. Tho 
length of tlie lift may he made two, three, or more times that of tho piston, by interposing pulleys, 
that is to aay, the ordinary block and fall reversed. 

Tho 4-way cock, Figa 7023, 7024, that dUtribules the water to the lift-cylin.!er, is actuated by 
a liand-chain within convenient reach of the workmen on tlie vnrious floors. The advuntsgcs of 
this lift over any geartd or belted lift, unless eomplicnted by brakes, are, first, that it ainnot 
overrun. When the cage is as high as it should go. the piston is at the end of tho cylinder, and can 
go no farther. Secondly, the control of the rate and extent of motion is much better, na it consists 
in partly or wliolty closing a ooek, instead of wholly shirting a belt Thirdly, tho repairs of such a 
lift, properly conbtrucled, ore hardly appreojahle, compared »ith the mttintenonco of belts und 
numerous and rapidly inovinjr parts. 

Tbo important fratures of'tho Worlbington duplex prcseure-pnmp aro generally iilostrated by 
Pigs. 703O, 7031. The duplex syslem, the movement of tho atcam-valve of one engine by tbo 
piston ot the other engine, permits the watcr-piatons to stop, momentarily, at tho ends of their 
•trokt^ thus allowing the wator-valvea time to seat without alamining. This featare ulao causes 
uniformity of pressure,- and the absence of tite fly-wheel gives tho pump all the other advantages 
of the Cornirb engine. 

Each waltT-engin^ instead of N'ing a cylinder bored from end to end and Sited with a piston, 
consists of two separate oyUnders, bored in the throat only, and fitted witli two plungers, eouuccted 
together. A stuffing box aronnd a plunger is mui-}i more easily kept tight than ttie packing of a 
piston, especially when the latter has a variable stroke and lends to wear and enlarge the middle ot 
the cylinder, partienlarly at the bottom, where sediment collects. 

The water is pumped into an aroumulator, conBietiT)g of n cyliniler and weighted ram liko those 




._ . , , , . very dumble, anil, when large, 

qoite coatlf. The Mftrtin packing, coDsiatiiig of a roll of bemp-tape formiop a continnouB ring, 

and ooTerod with «in> cloth on the wesKng auHace, has been lately luloptod, witli eicellODt results. 

In the melting depnrtment some interesting nnil important changoa have been made. The 
Teverbcmtory fiimace waa, until recenU?. employed for melting tho principal charge, and ia atill 
used in the United States for the sptegeleistn charge: becBuse, aa (bia is small and often baa 
to be held fof some time after melting, the flame of the reTerberattry constantly playing over it pre- 
- venta its chilling. The very oziiiizable mnnganese in the spiegeleiaen is also mora affected by the 
blast of the cupola than b^ the comparatively neutral flame of the rtiTcrberatory. 

In the older form of air-furnace. Fig. TOliS, the flame and any free air it may contain are drawn 
from the fire-box A along the roof of tlie fumaci^, and do not come into very direct contact with the 
metal lying at B ; hence this form is best employed for melting the spicgeleisen. Fig, 7026 shows 
B Lklor form of furnace, which melts faster because the flame is thrown directly upon the meUl 
lying at B; but it also oxidizes the metal more rapidly. It was flrst employed for melting the 
principal charge, but as it required three hours and 2| tons of coal to bring down S tons of iron, it 
was early abandoned tbi the onpola, which melta a 6-ton charge in lees tlian one hour with 1 ton 

Adapting the cupola to the Beseeraer mnnnfacturo has, however, required somo costly experi- 
menting. What was considered the best foundry oupola — MacKenaie's, Fig, 7032 — was first 
employed: bat it would only melt 20 or 30 tons. The sh^w 

bottom then filled with slag, which chohed the tuyeres and 'u33- it33. 

■caffolded above them. The present cupola, Fig. 7033, molts 
1 00 tons ia eighteen to twenty boura. 

The fonodry cupola is maile large enough to melt what is 
required in two or three hoars: the hearth is left shalloif to 
take the least amount of fuel, for the bed of coal mugt reach 
above the tuyeres, however liltle iron is melted. And t!>o 
day's work is over befure slag accnmulateH to any embarras- 
sing extent. Qut the Besacraer cupola must deliver 6 tons an 
hour, at the highest attaio^ible temperature, for a ithole day 
Emd night. There must be a di-ep hearth or rcceptiicle for 
slag imder the tuyeres, and au upper tapping hole by which 
the slag may bo worked off as in a blast furnace. The tuyere 
ares must be excessively largo to ensure amnle air admission 
in caae of paitjal chilling at any point; and the size, shape, 
and arrangeoient of tuyeres must be such Chat they cati be 
conveniently got at, cleaned, and ehanged without stopping 
the operation. 

A ODpola for a 5-ton plant is of 5 ft internal dioraot* and 
It fL high ; it has six oval tnyeree of 5 and 8 in. diameter. 
The boshes, 80 prominent in the MaoKonsie cupola, are re- 
duced to prevent soaffoldi ng. The HaoKensie annular tuyere, 
however valuable in foundry practice, is not adapted to long- 
oontinued heata, because it cannot be conveniently cleaned 
from without, while working. 

After the last charge is tapped out, the Bessemer cupola bottom is dropped, in the usual manner, 
to discharge the remaining d^rts. The most trustworthy cupola blower for the preasure here 
required, not less than 1 lb. an inch, is undoubtedly a light reciprocating engine, like a blast- 
furooce olowiug engine. To give the required volume, GOOOenb. ft. a minute^ BOoh mi engiite is 
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rnther ooeily. After mncb unsatiBfactory experimenting with rotary preBsnre blowerB, sereral 
American works have adopted the comparatively dheap Stortevant high-speed fan-blower, with 
marked success. 

Interposing ladles between the oapolas and vessels is important in many respects. The cupola 
cannot be so economically and regularly worked if its hearth has to fill up with the wnolo 
12,000-lb. charge of iron every hour. The weiglit of the charges should be somewhat uniform, to 
promote uniformity and accuracy of blowing and to recarburize with a fixed percentage of 
spiegeleisen. This can only be accomplished oy weighing the charge between the cupola and the 
vessel ; and the ladles are placed on semes for this purpose. Several charges are often run into the 
ladles when the converting department is not ready for them, otherwise the cupola would have to 
be dumped, and part of a day's work lost. 

Bessemer Process m Engkmd. — ^The iron almost exclusively employed in England for this process 
is obtained from the Chmiberland district, and is derived from red hematite ores. The analysis of 
specimens of these ores is given at p. 2034. 

The fuel used at the olast furnaces in the Cumberland district is the best Newcastle cokey 
which is remarkable for its haithiess and freedom from sulphur. The percentage of sulphur is 
About 0*8, and of ash 4*45. No charcoal pig ia made in England for the Bessemer process. The 
fluxes employed are a limestone quite free from phosphorus, and a portion of black shale from the 
coal beds, consisting of day and carbonaceous matter without any appreciable amount of sulphur. 
The ores are not calcined. As it is necessary that the iron should be as grey as possible, not less 
than 30 cwt. of coke are used to each ton of iron produced. 

Forest of Dean iron, made ttom brown hematite ores, is frequently used in small quantities 
in admixture with other irons for the purpose of maintaining the heat of the charge, which it tends 
to do. It ia apt, however, to contain too large a percentage of sulphur to work well alone. 

Another brand which is said to work well is Weardale, an iron made from spathic ores. It is 
minsmilly rich in manganese, and owes its excellence chiefly to that fact. 

The pig iron used in the bsssemer process requires to be carefully selected ; it has been stated, 
on authority, that the carbon in it should not be less than 3 per cent., silicon from 1 to 2 per cent., 
manganese not more than 3 per cent., and sulphur and phosphorus are limited to *05 per cent. 

The following analyses exhibit the characteristics of some of the more usual brands of iron 
employed ; — 





Oarbon (graphitic) .. 

Silicon 

Sulphur 

Phosphorus .. .. 
Manganese .. .. 


Qeator. 


Workington. 


WcATdale. 


ForertofDefln. 






4-007 
1-752 

0-049 

•• 


3- 14 
3*12 
0-05 
0-03 
002 


3-24 
1-80 
0-04 
019 
1-45 


3 25 
1*36 
0-037 

• . 
•• 





The presence of silicon in the iron causes the charge to work hot in the converter, and it is 
usual therefore to mix an iron rich in this element with others containing a less quantity, and 
which have a tendency to work cold and become pasty. As a rule, Workington iron contains mora 
silicon than any other in use for the process, and txnng moreover an excellent iron is laj^ely used. 
It is, however, from the very fact of its working so hot, seldom employed alone, as it cuts the moulds 
badly in pouring. 

Sulphur and phosphorus are the most injurious elements found in the pig, because the Bessemer 
process is powerless to remove them, and the qualitv of the steel is materially affected by their 
presence. An eflSactual means of eliminating these suostances, in the process of conversion, woidd 
be a most valuable dlBCoverv. 

It is usual among all the steel makers to mix several different brands of iron where a uniform 
and good Q^lity of steel is desired, but there seems to be no definite mixture which is agreed upon 
as best. The principle appears to be to form the larger portion of the charge of the better brands 
of Cumberland hematite, and to add as correctivee smaller percentages of other irons. The following 
will serve as examples ;— 



I. 

Workingtoii 45 

Harrington *• 40 

West Cumberland 10 

Wigan 20 

Weardale 7 

Forest of Deeoi 8 




IL 

Gleator 40 

Workington .. ., .. 20 

Harrington (No. 1) 15 

Harrington {No. 2) 5 

Forest of Deeui . . • 10 

Wigan ,, ., 8 



Spiegel 



98 

6}or6i 



For forgings, nioh as axles, tires, or looomotire crank-shafb^ none but No. 1 iron is commonly 
used, but for rails a greater or less amount of No. 2 is added, in order to reduce the cost as far as 
possible. The amount of this quality that may be used will of course depend on the chaiaoter 
of the iron. 

The percentage of manganese in the spie^lttsen should be equal to about twice the amount of 
oaifaon, tha fonner having the elboi of deozidixing should the metal have hlown rather to much. 
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It IB important also to use a small quantity of flux, such as aluminous ore, limestone, or lime and 
broken fire-brick, in order to get a good fusible slag, othei'wise shots of steel are suspended in the 
slag and lost. 

The iron as a rule is melted in reverberatory furnaces, but at some works cupolas have been sub- 
stituted with apparently good results. Wliere cupolas are used, much greater care has to be exercised 
in the selectiou of the coke, as fuel which might be used in the air ftimaces would destroy the quality 
of the iron if burned in contact with it. The opinion among tliose who employ the cupolas is, that it 
is quite possible to find a coke sufi&ciently free from sulphur to yield a satisfactory result. At the Barrow 
works, preparations had been made to convey the molten metal directly from the blast furnaces to the 
converters, but after a number of trials it was found that the uniformity of the metal could not be 
relied on, and, in consequence, the attempt was abandoned, and cupolas erected instead, to remelt 
the pigs. The converters at the maiority of the works have a capacity adequate for a yield of 
5 tons of steel, or allowing one-sixth ior waste, which may be taken as a fair average, for 6 tons of 
molten iron. The material commonly employed for lining the vessels is ganister, a highly silicious 
sabdtance, found at Sheffield. Other materials have been tried at some works* as, for example, at 
Dowlais, with apparently great success. A pair of vessels, at the works jubt mentioned, had, 
in 1868, stood 300 blows each, without relining, and were still apparently in good condition. This 
is much above the average endurance of the refractory linings. 

The sizes of ingots most commonly cast are, fur rails, about 10 in. square ; for locomotive crank- 
shafts, ingots of a rectangular section, fay 22 in. x 16 in. ; and for other furgings, according to 
tho size and nature of the work, the moulds having a weight about equal to that of the ingots. 
At somo works the plan is adopted of testing a sample of each blow fi>r carbon, and classifying 
the metal according to the result of this test. By this means much greater uniformity in th^ 
finidhe<l work is obtained, and in the present state of our knowledge of the process, this is a very 
. necessary means to secure this end, and should be more generally adopted. The process employed 
was introduced from Sweden, and is exceedingly simple in its nature. It consists in dissolving 
a known weight of metal, in the form of drill chips, or some other finely-divided state, in nitric 
acid, of tho gravity 1*2. The solution will have a brown colour, more or less deep, according 
to the percentage of carbon contained in the metal. A standard colour, corresponding to a known 
percentage of carbon, as det ermined by direct analysis, is first established, and the colour of the 
solution to be tested is made to agree exactly with this by the addition of a certain quantity of . 
acid or water. That this, which is the readiest method of producing agreement, may be employed, 
tho colour of the standard solution must he light. The water is added to the solution in a gra- 
duated test-tube, so that the exact proportion of watcT relatively to the original solution may be 
read off with ease; and if, for example, an equal bulk' of water requires to be added to make the 
colour the same as the standard, the perce'ntage of carbon in the specimen under test must be just 
double that of the standard. As a solution of steel in acid would in the course of time change its 
colour, an exact imitation of it is mode by dissolving burnt sugar, and this is kept hermetically 
scaled for comparison. To secure a light standard colour, it is not necessary that the piece of steel 
dissolved should co:itain a small percentage of carbon ; but a larger quantity of acid may be used 
in a known proportion, say twice or three times the required amount, and the corresponding per- 
centage of carbon will be equally well ascertained. This test is easily and quickly appiiecL and the 
variation of colour being considerable, gives results sufficiently accurate for the purpose of a proper 
classification of the ingots, according to the purposes for which they are suited. 

The principal uses to which the Bessemer metul is put in Englimd are the manufacture of rails, 
tires, axles, machinery forging^ and boiler-plate. 

Cast Steel. — For the manufacture of cast steel, bars of blistered steel which are highly carbonized 
are broken into small pieces, melted in a crucible, cast in an iron mould, and form cast steel. 
The form of the pots or crucibles is long and narrow, and ^bey usually contain 30 or 40 lbs. of 
metal. Pots are manufactured of fire-clay mixed with coke, or anthracite dust^ or plumbago. An 
ordinary clay pot will last for one day, or three heats. 

Where the steel-pots are made of fire-clay and u\Hm the works, the pot-flaak or mould, and plug, 
are commo.ily of the form Figs. 7035, 7036. The pot-mould is of cast iron, ^th two etirs oast upcm 
it to lift it by. Its inside is the shape of the outside of the pots; 
it is turned smooth, and is open at the bottom as well as at the 
top. There is a loose bottom mode to fit, but not so small as to 
pass through ; this has a hole in the centre f in. in diameter. 
When in use, it stands upon a low p:)st firmly fixed in the ground, 
which has also a hole 5 or 6 in. deep in its centre. The plug 
which forms the inside of the pot is of lignum-vit» ; it has an 
iron centra, which projects through it about 5 in., corresponding 
in size with the hole at the bottom of the mould. The clay for 
each pot weighs about 24 lbs, ; it is moulded upon a strong bench 
into a short cylinder, and tho inside of the mould havinp: b^n well 
oiled, the clay is dropped into it, and the plug, also oiled, forced 
into the clay, while the projection finds the hole in the loose bottom 
in the centre of the mould, which guides the plug. The plug is 
driven down 2 or 3 in. by the blows of a heavy mallet on the ^03*- *036. 703«. 

top of the iron head ; it is then taken out, to be oiled again, 

by putting a piece of round iron through the hole in the iron head to lift bv, giving it, at the same 
time, a screwing motion. It is then driven by tho mallet, while the clay, rising up between the plug 
and the mould, reaches the top. The clay is cut even with the top of the mould with a knife, 
nnd tlie plug taken out; the pot is then narrowed at the top by passing the knife round between 
it and the flask or mould several times, holding it inclined towards its centre. The mould is now 
taken and set with its loose bottom upon a small post fixed in the floor, and tbe mould gently allowed 
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to rest opoD it. This pnshcs np the bottom with the pot upon it ; and the bole being filled with 
a bit of clay, the pot u flniebed. When the pots are eufflciciitly hard to bear bandling, they ue 
placed to dry upou lowi of sbelvcs. eg&inet the flues in the furnace. 

The form of the meltiiig furDace, aud the direolion of tbe Are and Sue, will be undeTBtood from 
Figs 7037 to 7039. Fig.703ei£ft section of a" ten-bule melting furnace, ahowiitg the diieotioii of the 



dneaand the fbrmoftbehnles when abnnt half won, with one low of the pots In (beir place*; 1 to 

10 are tbe flues of the melting botes, eneh one oF «hieh is carried up Beporatelf, and lined with fire- 
brick to the top : 11. an open fire-nate; 12, tbe annealing grato, cloiied in front bj a cast-metal 
plate, rather broader than the depth of tlie melting pole : A, B, C, three broad bars of iron, bolted 
to other* at the bock of the flues by cnise-lwlB, to tiothe chimney-stack firmly together. 

Vhen the fomaees or holes bioome «o wide oa to waste the cuke, the whole maleriali of the 
old loi-lting holes— repreaen ted on the cross-section. Fig 70^7. os oocupying a apace of 3 ft. 6 in., b; 
8 ft. 3 in. — are taken out, and new ones built of a kind of natunil faced Bre-slone like flags from 
2 to 4 in. thick, out into pieces 7 or S in. broad. These uaoally laut four or Atb weeks before they 
want remoTing. 

The rmss-Bcction, Fig. 7037, ahowa the position in which tbe two pots etand in the hole, and 
the eoTer in its nsnal position. 

The oorer-frame, Fig. 7010, is mads of wrought iron 3 in. broad, by } in. thick. A large 
flre-Mck, made to fit, is held in its place by the moToble bar of iron b-;ing pressed agaiiut it f^ 
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two screws. The handle is of zoimd iron, about 16 m. long. The ftunace 
which the oovers rest, are of cast iron, an inch thick, oast in two parts. The 



tope, Ilg. 7(K1, npon 
) plan. Fig. 7039, is a 
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common arrangement of the other rooms connected with a melting fbmaoe. The two tnmghs Id 
the clay-place are fbr meldng the day preyionsly to tempering it. 

InstcM of fire-stone, ganister is often nsed in England for fhmaoe linings. In this casei 
wooden moulds are employed of the form of the furnaces ; and the ground ganister, moistenea 
with water, is put round the mould, which is then drawn out This kind of stone is found in 
irregular masses, usually with fire-clay and carboniferous shale. 

The preparations for melting the steel are commenced by making a coal fire npon the grate 
adjoining the annealing grate. The annealing grate must be large enough to hold twice as many 
pots as there are melting holes in the furnace. If that number be ten, twenty pots are put inverted 
upon the annealing grate, and the fire put down the spaces between them, wnich are then to be 
filled up, so as to cover the pot with the small coke ridoled from among the coke used for melting, 
and upon these again the pot-lids are laid. This is done in order to have the pots gently heated to 
a red heat, ready for usmg. Each pot requires a stand and a lid. In form, we stand is the 
frustum of a cone about 3 in. high ; and as upon the base of the stand the pot is to rest, they 
should correspond in size. The stand is made of common firoKslay, but the lid of day the same aa 
the pot ; it should be a little larger in diameter, flat on tiie under side, 
and a litUe convex on the upper. Each furnace has two stands placed 
in the proper position upon the grate-bars ; and upon the stands two 
pots, covered with their lids, from the annealfng grate. Some fire, with 
a little coal, and soon after some coke, is put on ; and when this has 
burnt up, sufficient coke to cover the pots; when the furnace ond pots 
are at a white heat, the steel mav be put in. The steel having been 
broken and selected for the intended purpose, weighing sav 84 Ids. for 
each pot, is put into pans of iron or upon steel plates. To charge a pot, 
the hd is taken o£E^ and the lower end of a oomcal-shaped charger, Fip^. 
7084, placed over title pot, down which the sted is gently slid. The lid 
is then replaced, and the other pot being charged in the same manner, 
the ftimaoe is fiUed with ooke, and covered. Afterwards more coke is 
added, the quantity being determined by the experience of the sted 
maker. 

Four hours will finish the heat, when a man removes the crucible, 
by means of basket-tongs, from the fire, and puto it on the floor; 
iuiother workman takes he pot and pours the metal into the mould. 
Meanwhile Uie fumaoo Is cleared of clinkers and made ready to receive 
the hot pot when emtied into the mould. 

The mgote thus manufactured are drawn under hammers into the 
desired forms of bars A brown-red heat only can be applied to this 
sted without breaUng it ; it requires, therefore, a great deal of beating 
and hammering. This steel cannot be fagoted, and is welded to iron 
with difficulty. It may be united with wrought iron in casting it on hot and dean ixon, or wdding 
it by means dT- fluxes, such as borax, or pruasiate of potash. 

Before the sted is well melted, it appears to be in astote of ebullition ; but when U is ready for 
pouring it has a dear surface, and rests in the pot without motion. 




Figi,7049to70MHeof eevenU forniiof tongi for lifting tbe pots for pouring. 

Otat iteel !■ largel; nunofaotared, and for uime pmpoeL'i ia prerert«d to all olher kindi of steel. 
DotwiUutaadiuK the Ibikbi qnantitiea and cheaper ratan at whiob those are piodDoed. 

A oousiderable qoautitf of a kind of natural steel U prodnoed fioia pig iron bj workiiig it in a 
pnddling fuiuaM in a peculiar maimer. Fig. 7015 ia a seotioD of a steel-pnddling fOnuee. 



A diarge of about 280 Ibe. of pig Inn ia lotrodnced into the fnmaoe, and the tempentnre raited 
to redneea. Aa toon as the metal b^ina to fuse and triokle dom in a Said atete, the damper ia 
pertially closed, in order to temper the heat. From twelve to aliteeD ahovelfali of iron doder, 
horn the lolla or aqneezera, are added, and tbe whole ii nniforml; melted down. The mua la 
tfaen to be pnddled with the addition of a little bl< ok cocide of manganeae, oonunon sit. and dty 
i^lav, previonsty ground together. After this miitture bu acted for aome minntea, the damper ia 
fnlly opened, wlien aboat 40 Iba. of pig iron are pnt Into the fnmace, near tbe flre-bridge, npon 
eleTated beds of dndei prepared for that purpoee. When tbu pig Iron be^;!na to trickle down, and 
tbe maM on the bottom of tbe surface bwina to boil ud throw oat blue jeta of flame, tbe pig Iron 
is laked into the boiling mass, and the whole ia then well mixed together. Tbe ma«a aoco b^iina 
to iwell op, and tbe smidl graina begin to form in it and break throneb the melted cinder on tbe 
BOrfaoe. As uon aa tbe grains appear, tbe damper is three-qnarters ahnt, and the [ooceas oloaely 
inspeoted while the maai is being puddled to and &o beneath the covering lajer of einder. Durins 
the whole of tbia prooesa the brat ahonld not be rwaed above chwrj redneaa, w the welding heal ot 
abear steel. Tbe olae jets of Same gradually disappear, while the formation of grains oontinnea ; 
theae gmina very soon begin to flue together, so that the niaaa beooniM waxy and cherry red. If 
these precautluna are not obaerred the maaa will pass mors or lees into iron, and no uniionn steel 
product can be oblainad. As Mon as the masa is flniahed so for, the Sre ia stirred to keep ap (he 
ueceesary ht-at for the succeeding operation, tlie damper la eotirely shut and »rt of the masa is 
coUected into a hall, the remainder bong alwiya kept coveted wltb cinder daok. Thia ball la 
brought under tbe banuner and then worked inio ban. The same prooete is oootinued until the 
whole is worked into bars. When pig iron made Ikim Bpnrr; lion ore, or mixtures of it with other 
pig iron, la used, only 20 Ibt. of tlie pig Iron are added at tbe later period of the proceee, instead of 
about 40 Iba. 

Stemmi' nimaoa. — Fig. 7046 ia a longi- Tote. iively with tbe two regenenton Dand E. 

tudinal sectioi eotangular box 

and Figs. 704( lea to the two 

a Slemeoa' fni abottMntothe 

steel. The ta k> tbe ehimney 

ohamber A, ar 4i theeeutre ot 

hearths B and let of the box, 



and oarriei ft raotangular Bap, fitting the box sidewaya, and bearing agalnit ooe of Ita upper and 
one of iU lower edges, aoooioing to the poailioD of tbe ttnabllDg lever and weight H, whlsh an 
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fixed npoD the dpiudle onMdo. When t1i« t»1t« ia In the posiUoti Bhomi dotted in Fig, 7046, tbo 

atmospherio nir entering from below proceeds in tbe direction indicated by the urowi, piwning 

through the regnlator D over tbe fire-place B, through the bwted ohamber A over the ue>plaM 

O, through the regenerator E 

and by tlia valve F, into the imI. 

chimney G. 

A firu having been lighted 
npoa the bmrth B, through 



the Bide opening E, tbe Sailie 
;htliefnriiiioeiuid 

^ _ . regenerator 

the cbimoey O, heatiog oi 
' i»ted -w 



passes through tl 
Ihroogh the regent 



SSS' 



working i 



plied throogh the opening L 
to the second fire-place 0, 
wbiob is then operated npon 
ill aa oppoBito direction to 
that indioateil by the amnrs. 
It is evident that by a ood> - 
tinoatioa of the pioccM an 



it steel, and also vi the production of etecl by fusing pig iron nitb wrought iron upon the opco 

hearth, known as tbe Siemens-Martin process. 

See OuDomLR. Fodsdinq um CAS'riNa. Iboh. 

Worlu nhtiag (D Iht subject ;— Muehet (D.), ' Papers on Iron and Steel,' royat Svo, 1840. Pen^ 
{Dr. 3.x 'Iron and Steel,' 8vo, 186*. Crookes and B^hrig's ' Metallurgj,' vol. iu., "Steel,'' Svo. 
1870. Griinor (U. L.), 'The Manafacture of Steel,' translated by Lenox Smith, Svo, 1872. 
'Journal of Iron and Steel,' 1871-73. Overman (F,), 'The Hanufactore of Steel,' eron-n Svo^ 
Philadelphia, 1873. Dessoye (J. B.), 'Guide Pratique de rAoier sea propri^t^,' Iliimo, Paris. 
Laodrin (H. 0.), ' Traitf de I'Acier,' 12mo, Paris, 

STEP. Fa., Vraaiandiiu ; Gib., Ftualager ; Ital., Cwcimtlo inftrioM ; SpUi., Rcbajo. 

In machinery, a itep is a kind of bearing ia which the lower extremity of a spindle or a vertical 
Bhafl revolve^ 

STIBKUP. Fa., Etrier; Qxi.,^tringropp; lTU.,Staffa; SrAti., Eilribo. 

Any pskrt of a maohine resembling in shape or in funotions the stirrap of a saddle^ is called tbe 

STONC Fa., Piem ,- GxB., Stein ; Ital., Pittra ; Spah., PitiSra. 

Bee OoNffiBooTioH. Masomht. 

BTOVE. Fb„ Pxlt ; Gm, Ofen ; Ital, Stvfa ; 8p*M, Ettufa. 

Sto liios. 

STRAP, Pb„ £«a; Gxn., Band; Ital„ CoSan; SvkV., Ahratadtra. 

A strap Is a band or strip of metal, usually curved to clasp or hold other parts ; sa a beain-strKp, 
ft spring strap : oipeciall; the U-shaped port of a straphoad' which clasps and holds the braasea, 
Tbe str^ip-lui^ is a joumal-box Formal at the head or b connecting tod ; see Fig. 2361, p. 1194. 

BTEOKE. Fa., Coarae ; Geb., Jlt^ ; Ital , CorjM ; Span., An.er,i. 

Tlie liroit is the entue movement of the piston of a steam-engine from one end to the olhor of 
the cylinder. The respective atrokes are diBlingiiishcd as vp and doan strokes, or /rant and bad 
strokes, the front atioka being towards the crosa-licad. In the United States, the stroke of a loco- 
motive piston towards the front of the engine is called the front stroke. The term is also applied 
to the movement of the ctoss-hcsd and other parts moving with tbe piston. The movement of a 
slide-valve is called its trawl or throic. The movimeiit of a crank or an eccentric is called its thiow. 

SUOAK-MILL. Fb., Moulin a fuert; Gkb., ^uotmntiAi*; Ithi.., Laminalojo da cams di luajicro ; 
Spas., Molino de unfcor. 

Tbe machinery employed in tbe manarscture of sugar may be divided into that used tor 
extracting the juioe : for clarification, or separating the pure Itqaor from eitraneoosanddeleteriona 
substances ; for evaporation, ot driving off the water which holds the sugar in solation ; and te 
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ouriug, wbioh inoludei tlie piocenei of drying, aad, when requiied, of blenching the sngu obtained 
by evaporalinn. 

Tlte ehiff sources of sugar are the angar-cane and beet-root Of these the iDgar-cane is tha 
more important, and we shall therefore eoufine our remarks to tho extraction of juioe from tha 
cane. The caoe, wlwo fully grown, ought to be abuut S ft, tiigb, and 1} in. diameter in the atem, 
with a lop of 3 or 4 ft. above. The stem consists of a cure full of sweet juioe — in fact, nothing but 
sugar and water — surrounded by hard, woody fibre, which ia agaiu encased in a ooating of Bilioh 
and it is these outer casings that occasioD trouble in projicrly eipreesing tho juice. 

A oommoQ method of obtaluing the juice, and ono still used iu rough couutriea, to pass the 
cano between two vertical lollem of hard wood, set in a Mroog wooden &amework and driven by 
cattle ; the tiiree-roller tiorizontal mill is. however, now almost miMnally employed in expremiiig 

Uulbre the nee of iron became general, a simple system of framing, Fige. 7050, 7051, < 
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almost entirely of timber, was much adopted. Tho vood used is of the hardest description, geno- 
Fiilly obtained from the bullet, or bully, tree,wliioh ia somewhat similar but superior to \ettk. The 
framing is very maasive, timber of about 16 in, square being uaod for a mill with rolled i ft. long 
by 2 ft. in diameter, and mortised and pinned together as tirmlv as possible. The only iranwork 
rvquisile conaists of two light side-framea upon whit'h t)ie metal bearings are fitted, and which also 
carry tlie dumb returner. Tlie aiivantages of this descriptioD of framing are ; — That it can be made 
in the oouutry ; tlint the roat-iron porliou has very little strain upon ft, and therefcre is not liable 
to break.' it is econrmical, as good timber can usually be obtained at a moderate distance, and 
although skilled Libour is dear, the expense of cairiage is saved, and it can be repaired easUf, 
whieb we consider the chief reconunendiition for wood Iramings. When properly constructed, tbe 
wealiest portion conaiata of tbe two weilgea above the bearings of tho top roller, so that in case of 
any hard gubstanoe being peased tietween the rollers, the only damage done would be the straining, 
and poth^is breaking, this portion of the mill. For this reason it is customary to keep spare 
wedges in stock, so that tbay may be renewed in a f. w minutts if a breakage occurs. These wedges 
are also nsefnl on account of their elasticity pcrmitting a certain amount of play between the top 
and the two bottom rollers, by which meana they adjust themselves to variations in the feed. 

llie mo«t usual deeoription of sngai^mill is shown in Figs. 7052, 70SS; Fig. 7053 being the 
front, and Fig. 7052 tbe nde elevatim respectively. In this case the rollers are similar to those of 



the wooden-nnmcd mill, bnt are of east Iron fitted with wionght-iron gndireoius tho dUtance 
between the roller and the bearings being Icsa than an inch. The framing it of cast iron, each side 
frame lieing cart in one piece. 

A. A, are tbe side frames fitted on the bed-plate B. C, 0, bolts fitted with distance-pieoel and 
firmly screwed up so as to strengthen the rrsming in the direction of the thrust between the top 
and the two bottom nillors. Ttie rea^oo bolts are employed, instead of casting that portion of the 
frnming solid. Is to remove tho bottom rollers in case of necessity, Tbe lower tollers D, D, are 
provided with fianges fur preventing tho oano from getting out at the sidee^ and are adjusted b^ 
means of screns. Another method has been applied, of acting simultaneonsly upon each pair 
of screws by meana of a liorizontd shaft and bevel-gearing attached to their heads, somewhat 
Umilar to the adjusting p^r of an iron mill, as in Fig, 4172, The bolts that hold down the (op 
rulletare carried through tho framing end secured by a cotterat the lower end. In some milbtbej 
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are only Cftrried down a bIk^ dtetenoBj the cntter being pocaed tfuoiuli a alot in the framing, bat 

thia plan thrawB all the upward strain on the caat-iron framing, which, if brcieii, conld not be 
lepaiced with the lame fiicuity as tlie bolts, -The dumb turner, or dumb retumer. F, Pig. 7052, 
la a ouired plate of iioo, nsnallj perforated and grooved, bo placed ta bi receire the canea bom 
the ttoat roller and goide them on to the back roller. For oleamees of illuatratioa the feeding 
table and d^iverj are omitted, but are shown in FtK. 70SI. They oonjist simply of a flat surface 
and two sloping snrfaces, to allow the canes to slide donn them, the portion of the delivery nearest 
the roller beini fined nff to a knife-edge and set as cloeo as possible to it, to prevent the onubed 
oane ftom being carried round in oonsequenoa of its sticking to the aurfaoe. 

Fig. 7054 ia a side elevaticn of a mill de- 
trignnd to obviate the>«ioeaiiTe etrains to which toK 

Bugar-D^lla are constantly and almost suddenly 
eabjeoted. It will be seen that In this anange- 
ment the top roller is kept down by a compound 
lever, and M the di^tanoe of the weight from 
the fulcrum of the loirer lever or the weight 
itself can easily be varied, au^ required prea- 
mre may be oMained. Ajg it is not at all nn- 
nsual for the feed to vary so much that at one 
maroeot few if any canes are passing between 
the rollers, whilst at the next the miU is choked 
with them, the play here permitted beoomea 
□f the bigheat importance. 

The disadviuitage of this Tnill is that it 
allows too greiLt an amount of play ; as when 
a large quautity of canea are passing 'It is 
neoessary that the pressure sbotud be propor- 
tiountely great, or tlie inside onea would not be 
properly omabed. This &ult might be some- r 
What overoome by the nae of a ^ring iiutead 
<rf a weight. ' '. 

Although not often applied, reversing gear 
Is very essential, aa it not unfreqa ently happens that the mill gi^ta choked, when It U neeeaiary to 
revLTse in order to free the rollers, 

Cam'iined Cane-mSli. — In the mills just described the fonndation la both a very important and a 
very costly item. It consists of thre e ports : that carrymg tlie enirine, another carrying the inter- 
mediate gearing, and that under the mill. To render the mill effective it is necessary that tlieae 
should be very massive, of flrat-clasa workmanship, and flrmlv bound together by iron or limb^. 
As good materials and woAmanship are aeldom to be obtained where the ausar-cime grows, a 

riiea of mill oalled the oombiuud cane-mill haa been eileanvely employed, lids term include* 
thoae milla where the engiae, gearing, and mill stand on the some bed-plate, so that the atrain 
npon the various parta shoold b>i eelf-oontiined and entirely independent of the foDudatioiia, and 
tliereby do away with the chief expense incurred abroad, la 18H H, 0. Bobinson introduoed an 
arrangement for a oombinad mill, which, although frequently copied in principle, did not as a 
whole oome into general use. 

Figs. 7055, 7056, are of a combined mill by H. O. Bobinaon. The bed-plate ia made b two pieoer, 
and, as in Uila oaae, it adnptcd for 
altering an old mill into a combined 
mitlbytheattaolimentof theoldbel- 

plate of the mill lo the bed -plate of the "**■ 

engine by means of strong brookets. 
In a new mill, however, the bed-plate 
would be oast in halvea and boiled 
together. In order to reduon tiie 
haraber af revolutions of the engine- 
shift to that requisite for the mill- . 
loUeta, doable gearing is employed, / J 
the first pair of wheels being internal. | / 
By thi* anaD^emant the apor-gear is 
biooght within oonvenient propor- 
tioni^ and the only defect is the height 
at the craok-shatt Cram the bed-plalo, 
which renders it rathei unstable when 
the feed is moderately heavy. 

O. Buobauan oonttmots the aide fnines of angar-millB with a oomblnatloD of oast and n 
iron, by which means a dsnee of lightneas and atrangth is attained far Boperior lo that of anv iron 
mill we have deaoribad. The eaat-uon skeleton ^e frame is made aa in Fig. 7057 : npon each aide 
of this ia fitted » stout wronght-iron plate about an inch thick, and cot ont as in Fig. 7058 to the 
requisite pattern to fbnn the frame. The wrongbt-iron sides and enst-irou skeleton ate firmly fixed 
together by riveting through holea mnde to oorreapond, Figs. 7057, 7058. To avoid the necesHity of 
supplying two spare rollers in oase of accident, that is. one for the top and one fnr the bottom, the 
firagaa (dthe bottom rollers are dfepensed with, so that all three rollers being alike, only one spare 
one Is required. The oaaee are prevented from getting ont at the ends of the rollers b; means of a 
feuder-plato A, Fig. 7059, fixed at eaob end of the top roller, which fit* In between tlie feed and 
delivery tablea B, 0. To avoid lifting the bottom rollers when they ore required to be taken oat. 
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Fig- 7069, Bie used fur the pnrpow of 



bus being temped to noeJTe tht m^net' 
lag nrewK. 

Fig. 7060 ti ui eleration of one of 
the«eiiiil1« complete. IntbUoiMil wiU 
be Men thkt tbe mtMhluery U kepi well 
down, so that great iteadineei ii oMalited. 
A* in Fin. 7003.7056, double gmtina it 
employed, onl j tne intonkkl qrai-ge«nng 
!■ used for the aeonnd lootloii loMcad of 
the fint, thni pUdng the itrongeat form i 
where the grekteat •train oocon. ' 

For coDvenience in feeding oaDe-millg 

conuBti in >d tmdleaa band, the width 
equal bi the length of the rollers and 
of Biijdedrod length. It ia luaally made 
of tbin alota of Tood attached tn a pitch 
chain numiDg o«et wheeli in the twoal 



mnob greater regnlarity than the old method of pitohiog the bnndlea of cane directly between the 
rollers. A tiaah eletator, made In a dmilai' mamieT, & al«o used for carrying away the cmahed 
cane or traah Into the drying ^eda. 

Beeidea roller milla two or three other methods of extracting the juioe ftnm canee hare been 
tried. 

HeniT Bcawmer, in 1849. deviaed an arrangement, a eride elevatinn of whiah la given tn 
Pig. 7061. It will be aeen that it oonsista of an engine A drmng a orank-ahaft B, upon which 
there are two oranks working the plungers 0. Theae plnngei* work backwards and forward! 
in two rectangnlar boxee D, the aldea and bottom of which are pieieed with small holea, while 
the enda are open. TIum boiaa weia intended to be parallel tluoogboat, but afterwards tlwy 
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'were elightly contracted towards the ends. In the flgtire, only one box and plunger can bo 
seen, the other being ananged alongside. To vork this press a oane is put into ^oh of the 




four hoppers E, E', and the engine started; when, as the plunger moyes to the end of its strolre, 
Fig. 7061, it leayes the bottom of the hoppers E open, and allows the canes to drop down into 
the boxes D. Upon the return stroke the plunger cuts off those parts of the cane that are in 
the box and foroes them along the rectangular casing, and while thus acting it leayes the 
openings of the hoppers E open, when the canes drop down into the boi;, and a similar process 
is repeated on the return stroke of the plunger. By this means the rectangular chambers 
become filled with pieces of cane equal in length to the height of the box. It was thought 
that as the canes were somewhat roughly out off they would offer considerable resistance to the 
plunger as they were gradually forced to the open ends of the boxes, which resistance would 
oQ increased in proportion to the number of pieces of cane ; and tlwt when the boxes were full 
their united residtance would be so great tliat the pressure required to force them along wouM 
completely press out the juice through the perforations B' in the box. When the machine was 
te:ited in Eagland with canes brought, we believe, from Madeira, this result was fairly obtained, 
but in this case the canes were very hard and tough. When tried afterwards in the West Indies 
with fresh juicy canes it was found impossible to obtain sufficient pressure, and vfith parallel 
chambers the pieces of cane were shot out at the open end as fast as they were cut off. When 
the chambers were tapered so as to proTcnt this, the shock at each stroke of the plunger became 
so excessive as to endanger the machinery, whilst verv little juice was expressed. 

Another method of extracting the juice, used both for canes and beet-root, is that known as 
the diffjsioa process. In 1841 Constable proposed to cut the cane into cross slices by means of a 
revolving shaft carryini< a number of circular cutters on it, and so placed that the slices were 
made alMut the tenth of an inch thick. Those slices of cane were then to be put into vpssels and 
oooked in hot water until the sugar was dissolved out. A series of vessels was to be employed, 
BO that ai the liquor in the first became too much charged with sugar to dissolve the whole of it 
out of the contained slices, they were placed in the next, wherein the liquor was weaker, and 
so on until the liquor in the first vessel became sufficiently charged with sup:ar to be pumped 
out into the evaporating pan, when this first vessel in its turn became the last of the scries. 

An improvemont upon this method was made in 1869 by Julius Robert, of Austria, in which 
the entire process of diffasion is carried on continuously in one vessel. This is effected by intro- 
ducing the slices of oane or beet-root through a feeding apparatus at the bottom of the vessel, 
from which they rise slowly and gradually to the Uyp, while the fresh water is constantly running 
in at the top, and is drawn off at the bottom as diffusion juice, after having remained in contact 
with the slices a sufficient time. The water in its gradual descent thmu£.h the entire height of 
the diffusion vessel passes through all the stages of gradually increasing concentration, and the 
sugar in the slices, in their ascent, becomes gradually extracted in a corresponding manner, so that 
the whole process of extraction ia carried out in a single vessel inbtcad of a battery of difiusers. 

Fig. 7062 is a sectional elevation of Robert's diilfuser. It consists of a cylindrical diffusion 
yessel A fitted with a central shaft B which carries a series of arms or blades G, C, and is kept 
in slow rotation by the gearing D. The slices of cane are fed in through the tube E by 
means of a series of screw-blades revolving on the spindle F, by the action of which they are 
forced down into the perforated bottom H of the difiuser, where they are spread over its sur- 
face by the rotating arms G. The diffusion vessel is divided at equal distances by perforated 
plates, which permit the free descent of the water or diffusion juice, but prevent the slices 
from rising too rapidly. Each of these plates is provided with an opening equal to about one- 
eighth of its area, through which the slices can rise into the next division, but these openings 
are so placed as to prevent the slices from ascending in a straight line to the top of the 
yessel. Each perforated plate has a revolving blade G above and below. The water is introduced 
at the top of the vessel through the perforated pipes t, <, connected with the main pipo I. Tho 
diffusion juice is drawn off through the pipe J, and. the extracted cane is swept off by tlie revolving 
scraper K. A coil pipe L is provided for neating the juice by steam if required. 

The cane-juice in its way irom the mill to the clarificrs passes through a btrainer for the purpose 
of freoluflf it from bits of cane and other mechanic: tl impurities. This strainer consists of a series of 
three or tour perforated plates, the holes in the lowest being the smallest The top plate, which stops 
all the large pieces, is frequently roughly cleared out by hand, and when the mill stops the whole 
are properly cleaned. As the darifiers are usually placed considerably higher than the mill the 
juice has then to be raised. This is generally done by means of large-burelled, short-stroke pumps, 
worked from one or more of the roller gudgeons ; usually two pumps are employed, to prevent 
stoppages in case of one getting choked. Tho objections to the use of pumps are, that a certain 
amount of grease and metal from the working parts is mixed with the jmce, and also that the juice 
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Job oondsta of tiro parts, A and B, separataJ bjr a ff 

KcelviDg tbe jaice m>m tlie mill, vhile the charge in . . , 

tower nut B ii empty the valve is laised by means of the handle c, a 

tbe oook of the aii-pipe D U opened. The jnice in the nppei portion A at onre desmnda into the 

cbambei B, the valve C beiog left open until it is mfBoieDtlj full, and then aorewed down. In 

order to aacertain vben the dumber B ia cbargt-d, the air-pipe D is oarried down from 4 to G in. 

below the lop of the ohamber B, or to thu height to wbiob the jnice shonld attain ; tbe cesgatinn of 

tho whistling Doiee mnde by the air rushing out nt tbis air-pipe being tbe signal Tor Bhuttiug off tbe 

inpplf. Tbe air-cock being closed, Bteam is introduoed thrangb tbe stoam-pipe E, when tho 

prossnre on the surfaoo of the juice forcrs it out tbiongb the discbarge-pip^ F. As lliia pipe Is 

oarried down to within a short distance of the bottom, tbe whole of tbe liquor is discharged from the 

lower chamber. A small oock g is provided in case tbe chamber B should be allowed to get too 

full, as in tbnt case tbe ateem. when let in throngh the pipe E, mixes with the juico and ocndensea. 

By this method oF raising Uie juice it is kept free from grease and dirt, there being no working 

parts in tbe machine ; it is also made Eufficientl; w»nn to retard fermentAtion. 

Clarification, — This process consists in removing, as far as po Bible, all impuritiee from the jnice, 
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^,^ „_^. ..,„™_„_ jt ohemiMl ; wo abaH, bcnrem, conflne oonelTea to dHoiIUnK the alariSen 
vedintbaiOiiKwtiuivenalpraatioeofdMl^inRctfdefecktiiigbraamaionlims, Them oontiit irf 
two olkMM, olarlflen betUed by an open fin ot the »a«te heat Bom tbe evapomUnK pus, and tboM 
which aniieated by steara. A verj nnnd plan of hestiog b; mwDB oT the WMte heat from the 



erapMaUng pans ii ibown 



X. 7084. Here tbe elarifien A an olnnlai pam, boldhur about 500 



K^^Beaeh, and are heated b; Uie waote beat from the battery B; the ftnaoKement <a flnei C and 
d^pen D iUtirtreting the method by which anv one in more olariflen may be healed ai nmini. 




another method of heating by a Boparata fire 

under each elarifler, the waate heat going into 

the same flue b aa that of the eraporating 

a B, and both oombining to heat one or more eleam-bolleTa 0. Tbi* plan may be adopted where 
BOgM ia fioiBhed in any of the modem metboda, and la lometunea prefaiTed in oonaequenoe of 

the Arat ooet being much leee than iteejn clorifieiB. 

Id apite, howevar, of the flrat ooat, there ia no doubt that beettng by (team ha« gnat adTantafei 

and ia eTenioaJly the ohoapeat. Fig». 7066^ 70fl7, e"' ■* ""'♦i'*""! -iiaontrnn an#i nTan nfa otanm K^aritiar 



Z 



a aeotional elevation and plan of a stetun claiifler 



ooppu pipee ia fitted inride the pan. into o 

trkTerdng ita length paaaea ont at c* into tbe d< 

by meanaof theoookJB. In order to facilitate 

at « <*, Mid ia fitted at o a* with Btnffing boie^ so that by n 

it may be lifted into an oprigbt position. By thlam - ' 

the ohriflet hut be heated aa aoon as it ta a few Ir ... 

the steam can be thnt off at the exact time required. Tbe ooek F, which li for tbe purpose of 



attained • tempeiatote of abont 140° a small qoautity of flne^ronnd lime, about 1 lb, (o evay 600 
gLiUona of jnioe, is made into a milk, tbrown into the pan and thoioogbly stirred in. The tern- 
penttnra ii then allowed to rlaa until the tliick acom whlob forma at the top begins to harden and 
crac^ when the heat ia ehnt off, and the liquor, nowelarified, allowed to stand for at least a onartsr 
of aa hoar. In drawing off the Uqaor a small quantity of a dirty colour otmiea away first, which la 
nmally retnToed Into another olarifler while it is being filled. The liqnor ia then nm into the 
filter or evaporatiDg paoa, aa tbe case may be, aotil within a few incdiea of the bottiHn, about the 
hei^ (<ttielo«vp«rforatimuiD the ping, Fig. 7066, when upon it ohMigingodlouT it iaatoiiFed. 
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Vbrt la lefl^ ocmMing tt the top Knm mod bottraa lediaieDt, ii nssatly Mot to tb« ■till'jtoDM. 
In Bome plaoes, howeTer, where labooi' is obesp aad Uie ram inferior, a •odiii press is used for 
extntottng the oontsiDed liquor, whiofa is either r»<!lkrifled or flltand. This pres consista of b 
■qoBTB ohiuiiber perforated iritb sm»U holea, ftnd into which t, pjstoa is fitted and worked down 
by t, Mrew. 

FVtratim, — After olftrifloatioo, or st a somewhat Ikter ttitge of the mannftotine, it i» usual to 
filter the liquor, partlv in order to eet rid of the feonletiaies too mianta for elimitiation bj ibe former 
procesH, end alao to dacoloriie and chemicallj purify it. In Fig. 7068 is shown what is called s 
baR or bell filter, the latter term beioe applied m oonseqaetio« of the shape of the metal pieces, or 
bells A, to which the apper end of the oaga B are attaohed. fibia filter coDsists of a oaung, nstiallT 
abont 9 ft bigb, 5 (t. wide, and 3 ft. deep. The apper portion isaoisteri], tbs bottom of which u 
I>ieroed with • series of boles into which the gnn-metal bells A are fitted. The bags B which are 
tied on to tbeae belU, eonaist of an outer tasing of ccone oaovM about 8 in. lo diameter and 6 ft. 
long, and innde tliis casing is stuffed a bag of twilled cotton, made eipretel; Ibr the purpoae, about 
8 ft. in diameter, and the same leogth as the outer casing. The reaaan for making the ioner bag so 
much larger than the enter, is to give more filtering enmoe, (he onter casing being only of nee to 
beep the other within boaads. The centie portion of the easing D is provided with doors the wholo 
of it* height and width for conveaieDce In ahonging the bags as they become dirty- The lower 
portion of tbo casing E U a cistern for hotdin|; the filtered liijaor wMoh is drawn off as required. 
Theaa filters have been fbnnd useful for oleanmg the liquor, but they do not afieot it in any other 
respect ; beaidea 4hich their height makes them InoonveDieDt, and oeoeseitatss pumping. 
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A obarooal filter to be naed at this stage of manufacture is shown 
in Fig- 7069, where bom its omnparative shallownesi the liquor may 
be run in without pumping. This consists of a light gslvanlced 
iron pan A running on a tramway. A perfoiated plateoovered with 
a blanket is fitted about 6 in. from the bottom, ana a similar divisioD 
is made tlia Mme distanoe from the top. The space between these 
Is filled with animal charcoal. The liquor from the olarlflers runs 
In UuHHigh the gutter B, thenoe through the oharocal into the bottom 
compartatent, wiienoeit iadrawDoff bythecookC. A small pipeD 
is provided so that the liquor Id passing through the charcoal should 
Dot be retarded by the air getting oompresaed in the lower chamber. 
The obieot of this filter Is not only to remove the impnritiea Blmllarly 
to the bag filter, bat to partially diaooloriia the liquor and also to 
uentraliie any add that may remain. 

Tlie g«uml form of oharooal filter empbjed for making bich- 
daaa sugar, principally in refineries, is shown in Fig. 70TO. The 
filler is an npright evUiklilcBl eaatng of wioubt iron, divided Into 
three oompartments A, B, 0, the lop being a cistern for receiving tlie 



liquor, the centre and Isrgest compartment oimtaininK animal char- 
coal, and the bottom being a small riiamber fitted with a cock for 
drawing off the BItemd Hquor. A man-bole D is provided for clean- 
ing ont the ezhaosted enarcoal, end an air-pipe B for letting off 
the airVhen the hot Uqnor U first mn Into tnah chanxal. The 
divisians between tbe compertmenta are formed of perfomled lAates 
upon which a eoaise fkt* of woollen is placed, the upper division 
being laed for disbibnting the liquor over the charcoal, and the 
lower for preventing the charcoal from comiiw throuch with the 
liquor. Tbe Uqnor Is elevated by a monte-jua throogh the pipe F. 
" — " —There are two plans adopted for driving off tbe 
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partly by fire and partly by steam. The fnnner, which is ^ old 
and pattuipe still the most nsnal method, is lHastrated in Fig. 7064, and oonslstB of four coppers B, 
and two teaohoa C, under each of which is a furnace. The liqaw is first run into the latest or 
gram] copper, and as It evaporates is ladled into the next, and so on, until it arrives at tbe teaohea 
almost sufficiently concentntid. lo these tt is still further evaporated notil tbe Lqnor contains 
about 70 per cent of cryntallinble sugar, when It is skipped or struck, that is, emptied ont into 
coolers B. In order, however, to evaporate even thus &r, the heat is so great (242°) that tbe colonr 
cf the sugar is eseesrivelydaAened, and conseqaantly ita value greatly reduced. The only ad vaa- 
tagea tbb system poMeases Is that the plant oosts but little, and alao that skilled lahonr is 
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Tbe modem method of OTapmatton oontlrtB in ooncentratiDg the liquor up to » point at which 
it is not likel; to have its colour affected bj the old matiiod of ftn open flra, and afterwai^ brin^g 
it np to tbe reqniied state of oancentration at a cotnparatiTelT low tempetatnre. Tbe first portion 
of tbia proceaa is aimiki to tbe old metiiod without tbe teacAca ; but loatead of havina; a eeriea of 
"™'~~ a long reolangular boiler, divided into compttrtments, osiially called a battery. ib geoeraUy 
Figa. 7071, 7072, are longitudinal and croM ■ectiona of & batterj. It anuists of a long 




and aomewhat aballow TOisel, nmally from SO to 40 ft long, 4 ft wide, ■ad TUjiiig In depth fioin 
about 20 to SO in. at the end farthest from the flre to about 20 iQ at the neu end It la set with 

bridges in the flaea to prevent the heat going too much ap the ob mney, the bnckworh bemg 
carried np 8 or 12 in. above the top of the pan, and bevelled off to allow space for tbe froth of the 
boiling liquor. The better; is divided into oompartmenta b; traDBverao partitions having slnice- 
Talvas at tbe bottom; these valvts being worked by a lever. Fig. 7072, By this means llie liquor ia 
allowed to flow down, as required, without having recourse to the laborious method of ladling 
ttom one oompartmeut to another. 'When the cane^juiae has been evaporated to a density of about 
29° Besum^, at which degree the boiling point is about 224° Fahr., and eonseqnently considerably 
below tbe tetJperatore at which the Juice is injuttd in eoloor, it ia drawn off by meaos of the 
ooek A, tnr the pnrpote of being treated by one of tbe following methods of evaporation at low 
temDeratnre. 

Melhodt for ConcMtratiag Can*-}iiio« at Loa Temperatwa, — Of the variocia ichemee proposed for 
thta purpose, two only have been fonnd to be practically useful ; one having for its objetit the 
exposure of tbin fllma of heated liquor to the oooling effect of tbe aii, and the other tbe rarefaction 
of the air in which the liquor ia placed. The former, as being cheaper and more simple to iDanage, 
is generally naed in modem BDgar-haiiaes of moderate dintensions ; wliile the latter, evaporation in 
vacuo, is preferred on some la^e eatateo, and nniversatl; in refineries. 

TAc mtssl OoKmtratim Pan, illustrated in Figi. 707S, 7074, oonsists <f a semi-oylindriosl pan A, 




enoIoMd In a steam-jadet soppUed &om tbe exhaust of the engine, into which is fitted a cylinder 
of tnbea B, fitted into the hemispherical ends C, C. The liquor to l>e eviipomleil is run into tlie 
vessel A, and when full atreon Is admitted into the end C, thence through the tubes B, and out at 
the end C, wliile at the eame time the whole is caused to revolve slowly by means of the gearing D. 
By this means a film— the liquor, which is kept hot bv the steam-jacket of the pan— is carried np 
into the air, arid the moiatnre evaporated from it; the heat thus extracted being oonsteutly sopplied 
by the steam inside tbe tubes. As tbe steam used for ttiis purpose is only of a moderate preesore, 
the heat thns supplied is not BnlHcient to 

dijoobur the sugar. In (act, the amoont of ms. 

evaporation is so great that the temperature 
rarely exceeds 200°, and is usnall; much less. 



knd cause an inconvenient amount of (roth, 
imleae driven at an eioeedingly slow speed. 
This defeat has, however, been par^lly 
overoome by reducing the diameter of the - 
dram, and ^ving it a proportionately greater 

Another pan for acoompllahing the same 
object, invented by Bhroeder, is shown in 
Fig. 7075, where the drum of steAm-pipes 

la replaced by a series of thin galvanized iron discs. This design has the advantage orhotlrothing 
or ohnming the liquor, and it is also much cheaper; but thu process of evaporation is mnch slower, 
la oonsequenoe of tbe revolving portion being deprived of supplementary beat 
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FIr- 7076 U K modifleadoo of tLii plsn propoaed b; Boor, of UMiritiiu; Hera the Haea are 
urnde Lollow and Kmewtukt ipherios), and aia provided with eup« aftei tlia priooiple of * dndging 

manhine, tlie liqnoi aoooped np by 

tfaem being diwhaiged over the 
■nrhoee of dlaos ai the; attain 
their hiKbeet elention. In thli 
CMS anffioient beat i« obtained fiir 
Mpid enpontiao, and if the oupa 
were reiuoTtid do chaining action 
ooold take place. 

In woAiiig a pan upon one of 
the above prinoi^ea the liquor ii 
genenll; ran ont of the open-Bre 
batterj, u already described, at 
■ dendly of about 27° Beauin^ 
directly into it ontU the liqnor 

la within a Ibwiuoheaof the top. Thedimor pipes, ai the case may be. are then mnaed to revolve 
very slow];, and aleani heat applied nntll a strimg grain appears in the liqnor, wliich is quite thick. 
It ii then mn out into ooolata, when the pan is ready foi another ehaive. Some eogar maker* 
prefer to add fresh liqnor to pan from time to time as it evaporates down, so that the pan is 
kept nearly fall. Tlie reosoD for ihis is that the oryBtals originally fmtaoi from the first chaxse 
oot as a nnoleOB for those of the incoeesive cb&rges, Kod that oonaeqnently a bolder, or lartter, gram 
it obtained. We think, however, that this object is better obtained in the coolers l^ maMng them 
anfflolently large to hold several skips, or else by dividing the akips among sevem I coolers, as the 
temperature in the pans is generally too high for that pnrpose. The coolers an- naiuJl; shallow, 
rsdangnlar vessels made of bard wood, snd having their sidea sloping outwards as shown at E, 
Vfg. 7064, a Dsual «iie being 6 ft. by 4 ft. by from I2 to IS in. in dejrth. 

71* roctntm Pan. — The oeat method of eviiporating the liqnor is by means <^ a Taoanm, bot 
milbrtimately the maohinerv required for this purpcee is not ooly very eipensivcs but It is alto 



ely the maohinerv required for this pu 
to employ skilled labonr to manage It 
ninm pan was invented by K. C. Howard 



Howard in 1S12, since whioh time varions improvements 
. . n its shape have been made, bnt the pnnoiple baa 

mnained anbetantially tne same. In Fig. 7077 is shown one of the best modem arrangements. 
llieTaenumpan Aisusnallymadeofoopper, the lower half being enolosed inacsst-inajaeket 
* "^ '«B is t" ' 



placed on the top 
lor uw pDrposea-irfoleaDUigand re- 
pairing. The pipe D is (or ths par- 



fitted with a vessel variously termed 
a safe or tell-taJe E, for calling the 
Uqoor ff it primes over, when it is 
retnmed throoa;h the ooek t, the 
amoH'it of overflow beiug shown by 
the glass gauge attaohed to the side. 
The vapour jmsna on to the oon- 
denser F, the pipe G snpplying the 
oold-wster jet, and the pipe H lend- 
ing to the aii>-pDmps. The steam Is 
supplied to the pan by the stop-valve 
I, Slid the condensed water is re- 
moved through the pipe i. A. mea- 
snre J, holding the right quantity of 
liquor to oonstitute s oharge for the 
put, is connected to it through a pipe, 
and is also proilded with a gbiss 
nuge j. This measnre is filled 
throogh a pipe leadinf; to the liquor 
dstem, a vacuum being formed in 
the measure by means of the air- 
pipe L, connecting it to the top of 
tbe vaonnm pan. A glass sight-Dole N is flttad in the upper part of tlie pan, a similar sight-hole 
being placed on tlie opposite side, so that by loddng tbrongb the one, the other, eepeclalty when 
assisted by a lamp, afloids snfBeieDt light to judge ofthe state of the contained liqnor. In addition 
, to this, means sre sdopted Ibr eztractinga ssmfde from the insde of the pan without distorbing the 
' vaouum, by tbe use of a proof-stick O, Fig. 7078, which Is capable of being inserted and screwed 
air-tight into the pan In an oblique direction. This consists of a gun-metal rod with a cavity at 
the lower end for receiving the sample, and fitting into a hallow casing. At the lower end of 
this casing is fitted a ^ell-oook. the end of the gun-metal rod with tbe oavity being made square, 
fitting Into the hollow plug and acting as a spanner. As the aperture of the plug onrresponils 
to tbe cavity in the pRiof.<tiok, as soon as it is opened to the liquor a portion flows in, when by 
tumlug the plug half round oonnectkm with the contents of the pan is ent off, and the portion that 
baa flowed into tiieeaiitv of the proof<tiok can be safely witborawn for eiaminntinn. The pan, 
Fig. 7077, is also supplied with a thermometer P. and bammeter Q, fitted to its upper half, for asoor- 
taining the temperature and qualitv of vaouum Inside. There is also a steam-pipe B, for cleansing 
Uie pan when iiiii nnnij When tne ayrnp it suflieiently bailed it ia discharged throngh the valve 



f* 



2918 



SnOAB-lOLL. 



a, eElhei into a ooolsr, s heater, or taken direotl; to the cdntrlfogKlB. The moit nraal plan on togai 
eetataa is to treat it in the old method, that is, to nin it into ooolen ; bnt fot makiiig reOned o> 

white loaf-Bugar it la discharged Into a pan BimilaT to the bottom half of the raonwD F*n, but 
withoBt the ooO, where it ia raised to a temperatute of 180° lo 200° before being run into the moaldsL 
Some prefer to pasa it throueh the centrifugala at onoe, as it i» cured much more qaickly : bnt thia 
la only in coneequence of the large proportion of sngWr held in aolution, and wfiioh wonld hava 
orrBtallized if left to cool. As bnt few eatatee are large enough to keep a vacnnm pan oonalantlj 

£.ng, it is UBOBl to mn the half-conocntrated liqnor into tanks oi sabddera, in order that what 
pujideB are left may be allowed to Baparate before the liquor is drawn up into the pan. 

i^g. 7079 ia an eleration of a aet of Taounm pnmpa. 

A. coueiderablB modiOcatlon 
of the STstem of boiling in Taono 
is that known aa the triple eOet, 
being of French origin. It eon- 
ligta of a set of three vaotiam 
pfkns oonneoted to one another, 
and ia mtsnded to evaporate 
the liquor from the beginning, 
thereto BapovedinK the oae of 
a naked flie kltcKetber. 

The main oDJeota of the 
triple-«Abt pan are eoonomy of 
foel and in eondendng water. 
Iq the &rat of the three pane 
there ia but litUe Taouum, nm- 
ally about 5 or 6 in, of meitmry. 
In the Bsaond the Tacuum la 
better, or about 12 to 14 in.; | 
and in the third ia maintained 
as good a vacuum as possible. 

The pans are hested by 
steam — usually obtained Anm 
the exhaust of the mill Bod air- 

E imp engines — being introduoed into the flnt on^ which, from the lowneaa of the Taouum, reqnim 
e most heat The atettm gireu offbj this pan u used for heating the leoond, where the Taouum 
is better : the third pan being similarly heated from the ateam of the second. The Tapour d the 
tliird pan is condensed in the Mune manner as that of an ordinary racoum pan. 

Fig. 7080 is on anangement by Hanlore^ Alliott, and Co (d this wjAcaa, A ia the mMsora 




oonneoted hj the 



for ohargins the pan^ oonDeoted bj the tHpe o to the fint pan B', whleh i 
rape 6> to the pan B*; the third pan B* being in its torn oraneoted by the pipe 6* to the Moond. 
This thlid pan u also connected to the monte-jna C by the {Hpe c The first pui B' ia heated by 
•tnm bom the ateam-reoMm D, the Tapour fnim thia pan passing into the rcoelTer E\ and thenc« 
into the steam spaoe of the saoondpan; a ainilar proresa being repeated with the third pan B", to 
whioh ia oonneoted tlie oondeuser F and ui-pmnpa. The vemOa E,', E*, and F, also act aa safta ot 
tell-tale^ in oa*e the liquet primes OT«r. 

Bnppodng the flrat pan, whioh haa a very alight vacnum, lo boll at 200", and tlie third, with tl 



mm, to bcdl at 150°, the boiling 



(rrantl 



in the leocoid, and Uie steam in Uie second 25° hotter tluko the liquor in the third ; a lafSoient 
dlflteenoa to (oodnoa « brisk boiL In this oaae the er^ioratlon shonld tbeorctioallj piooeed at 



the Mme ipeed in eMb pad, but pnwticaJl; then la a alight unonnt of lou ia the 

The adnjitagea claimed lor thi* «;s(em an eoonDiny In iteun and in vattt tor oandennng the 
vapour of the liquor. And no donbt oy utilizing the heat of the Tsponr twice otcr instead of eon- 
denmng it diieotl}r, moh eooDomj' is obtained, although wlietber it ia nifSoieiit to cxunpeiuate for 
the inoreaaed ooat of the appantua has not been as } . i determined. 

Frya't Cmicrttor. — Thu onlj other method of evaporatioa which remalua to be noticed waa 
invented bj Frjer, of Hunoheater, and is intended to eiaporate the liqnor to anob a point that when 
oold it beoomea ■ aolid maaa. Thia la only of use to the refiner, but for bia purpose it appears to be 
well Buited. 

Figa. 70S1, 7082, ara of a Firai'a cotwrebw by Haolove, AUiutt, and Co., of NottiDgham. 
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FiK- 7061 la a aide elevation; ITb. 70S^ a plan. The ooneretor conaista of a aeriea of abalbw 
rava A. A. A, plaoed end to end, and divided tranaverasly by ribs runnine almost tern aide to aide. 
:if theae traya ii a fnmaoe B, the flue of wblon rmia beneaktb them, and at the other end 



la an air-heater 0, wliioh makes nae of the waste heat &om the flue, and employs it in beating all 
to he made uae (rf in the reiolviog of Under E. Between the trays A, A, and the revolving eylindei 



a small tank D. ^e whole aeriea of treys A, A, A, ia placed on a slight incline, the upper 
ena being next the fomaoe. The upper three trayi are maae of wrought iron, aiiice the intenae 
hwt here would render cast iron liaUe to fracture. The clarified iuioe from the pipe F Bona fliat 



n to the tray next the fhrnace ; It cannot flow etroigbt down the Incline towarda the elr-hedter O, 
beeause of the transverse riba already alluded to, which oblige it to flow from aide to aide oF the 
tray In a ahallow stream. Thus it has to trarerae a oliannel some 400 ft. long before it can flow 
away from the trays at the end next the abr-heater, although tho distance from the furnace to tbe 
air-heater in a direct line ifi not quite 00 ft. Wbileflowingovertheae traya the juice is kept lapldl; 
boiling by tneaoB of the heat from the furnace, and although it only takes some eight to ten minntM 
to traveiae them, its density i«, dniiug thia abort time, raised ftom aay 10° to about 30° Baam€. 

From tbe tra^r* the thickened ayrup flows into the tank D, and thenoe paseea into the revolving 
cylinder E. Thia cylinder ia fiill of aoroll-abaped plates or iron, over both aides of which the 
thickened aynrp fiowa aa the cylinder revolvea, and tnus expoeea a very large aurbce to tbe action 
of hot air, wbioh is drawn through it by meana of a fan O : motion la giveo to the whole apparatus 
by meana of a amtll engine H. In thia cylinder the syrup reoiaiDB for about twentj^ minutea, and 
at tbe end of that tlmeflowa from it at a temperature of about 195° to 200° Fnhrenbeit, and of snob 
a consiatenoy that it aeta quite hard on cooling. Thus prcperly-mnde concrete sugar forma a iMlid 
maaa. not liable to drainage daring tranaport, and ready for imsiediate shipment. 

OuHvig. — Iliia procea* oonaUta in aepatating the uneryatalliaed or took portion of the sngar, 
naoally termed molnwea, aa thr aa praoticable firom the oryatols of sngar, and effected by natural 
<v aituolal dndnage. 'tt» old method, still in very general nae, ia to djg the semi-liquid niaai ont 
of the ooolen aa aooo aa it is mtBoiaitly cold, and put it into hogsheads. These hi^ibeads have a 
•iriM of holea bored in their bottoms, into each of which is fitted a bulmBb, long enough to 
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extend a littltt above ibe top. After a few days these nuhea aie withdrawn and the n 
allowed to drain oat tbrongo the holea. ThU pracem ia very tedious aud also veij ineffectual, 
eapBcially with low-qnalilr Bugar ; a large proportion of molanea atill remuuine In the hogabeada 
when shitiped, and conatanUy draininft into the hold of tlie TesaeL When ue rogar tiai been 
filtered thruagh charooal and evaporated in the vacuam pan, as in refineries, and at some sngai 
estHtes, it ia rtmoved from the cooler, or rather the beater, into oonioul moBlda of the ahape <^ the 
loaves of aagar, and varying in weight from 10 Iba. to 56 Iba., according to the qnality oF tbe sngar. 
"" ' " ........ . . , ^^p]^ thiongh it, which ia stopped np dnnng 

'Bida. The room in which these monltu 
icilitate the drainago. When tbe holea at 
-or, aa it is now called, Eynip — drains into 
R gattor placed underneath ; a piercer made of steel wire being used for clearing the waj at tlie 
lowOT ena of the mould. AUct the syrup baa drained away, clarified liquor is p<rared on the 
top, wbicb as it Bltera through washes tbe sngar crystals without dissolving them. It is a well- 
known fbct that sugar crystals are slnays colourless, and tliat the colour of a sample of sngar 
di^pends upon the liquor eoeiting the drstala; if, therefore, this be washed off, tbe augsi assumes 
a perfectly white colour. In practice the lower portion of the cane is always coloured, but when 
the loaf is taken out of the mould, the coloored portion is knocked <£, or if a bandaome loaf is 
required, a new end, or nose, ia turned on by meena of revolving outtera. 

ArtifickU Curing. — The above procesa ia frequently hastened by attaching the orifloe of the cones 
to a pipe in which a vacuum is ^rmed, and thus ancking the liquor through the loaf. This plan 
was mventad by Hague in IS16, who Qrat proposed the ayntem Kir unrefined sugar. Hie nnoured 
sugar was placed in vessels the bottoms of which were made of perforated copper and ooraMreted to 
a pipe oommnnicating with an air-pump, and thus the molaaaes waadrawn through the perfbiaUooa 
into the eiliauat-pipe. . It did not, however, find fitvonr with the plaotera, and it is now anperaeded 
by the centrifugal machine, excepting, as mentioned above, tbi loaf-sugar. Centrifugal mscbinea 
were first nsad for drying cotton and woolleo goods, and *ereG» that reason qsJledhydro-ext 
but about thirty years ago Lawrence and Hardman designed one 
for expelling molaasea from sugar, aiuoe wbiob time a great many 
varieties have been invented, all, however, being alike in their essen- 
tial features. These conaist of a cyliudricot basket revolving on an 
upright ahaft, the aidea of which are made of wire gauze or perforated 
metal, and into which the sngar ia placed. This t>asket is enoloeed 
in a casing of such diameter as to leave an uinulai space of about 
4 in. into which the mojasses is expelled by centrifugal force through 
the wire gance when the basket ia levolving at » high speed, a spout 
being placed at llie bottom of the owang to allow the expelled 
molasses to run away to a receiver. 

There are various arrangements of centrifugal machinal, a few 
of the beat of which are the following; — Fig. 70S3 is an overhead 
machine, by Walker, Henderson, and Co., where the driving gear la ] 
placed above the basket. It wtll be seen that the. bftsket u dnvto - 



>d hydto-extmctofs ; 




by a •mall vprlgbt engine AattachedtotheoutercnsingB. the speed being multiplied by frictimal 
geanngO. AbrakeDlsatlached tothebasket-spindleforootiveDieiiceofstopping. Figs. 7081, TOSS, 
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for mull eetatei, u)d It ibo esn be irorked ludependciDllf of kII oUier maohlnet? exoept the b<>ilrr. 



n cajing D, vliioh oollecta the 
. . ys it away through aduch&rge- 

pipe. E ia a bnke for stopping the motion of the bdsket, and is applied by the lever-handle H 
actinK upon Iho angle-iron ring I riieted on to the eylinder bottom. E, E, are tvo copper doors 
ooTenng openings in Che cylinder bottom, tbrongh which sugar may be diaoliarged, puaing donn 
the shoot L oast in the ontei casing into a suitable reoeptacle placed below to rewire it. 

A madiine of 3i ft diameter would bo driven from 800 to 1200 revolutions a minute, aceording 
(o the work to be dune. At 1000 reTolutions a minute, a mnchine of Ihle aiie would exercise • 
eeDtrifogat force of 600 timea the weight of the load, and at 1200 mvolations g65 times the weight. 
of the loud: thoi I cwt. of material in a bstiket going at the rate of 1000 revolutions* minute would, 
by the eenbifagal foroe imparled to it, bear a weight or prenure upon the periphery of (be basket 
of 1 owt y COO = 30 tona, and at 1200 reTolutions 1 owt. x 865 = 43 tons 5 owL 

Fig. 7067 illnatratea a Lesaware's maobine by J. and H. Gwynne, Ii0iid<8i, the ormngemcut 
for dnving being very much lilte that shown in Klg, 708S, . 

only inverted. This machine i* very compact, and being 
Beltoontsined require* no ezpensire foundation. The baaket, 
instead of being made of wire gauze stiffened by vertical 
ribe, conaiata of ttUTM caslnn, the inner being fanned of Ibin 
copper parfiHBted m oloMly as paMdble; round this ia a 
casing <rf wire ganie, and ODtnde these two is a sheet-oopper 
casing, in which tha bole* kre aomtwhat larger and farther 
aparl Id the ordinary basket the si^ar is liable to stick in 
moist lumps opposite tbo vertical ribs in consequence of the 
meshes of the gnuge being a!(wed by them ; but in this case 1 
Lessware has ■ncoetefully removed (hat objection. 

The baskets of centrifugals driven from beneath an 
usually bung on cones, as shown in dotted lines, Fig. 7087, 
and are either kept In plaoe by a screw and nut at the top, 
or, in some cas^s, by a DuKon. or similar catch, turned by 
iinnd ; tlie latter arrangement li for the purpose of remoring 
them as eo<in as the sngar inside is cured, and replacing 
tlipm with others alrpady charged with raw sugar; but this 
method bus man; dlaoil vantages. As the wire gouie of the 
basket ia liable to become clogged, «speaia1Iy when working 
with Bugnrofalowquality, a ateam jet is fitted to the inside of the outer casing, which being turned 

on whllo thoeroply ba^et iaslowlyrevolviE- ---'-"--• .u„ _r_ t. p.- .moo ™«i 

is shown an arrangement fbr this parpuse ii 
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of a ohanber A vhoM length la aqiwl to the depth of tb« bMhet B, and nrhkA ii pwfoisled with 
» wriM of halei, Bo tliftt vhsa tba atcam U IM co thiongli the cook 0, it impinges on tbi enth* 
■nifuw of the buket aa it rerolvefl. 

The speed at whioh the bMkat of a oentrifopd 
dKinld be dri<rea ia geneiallv reckoned at 10,000 dt- 
omnferential ft. a mmnte. Tbni a iS-io. oentriftigd 
la speeded fbi abont 800 revolatlone a miiiDte, a 36-iu. 7ua. 

machine biLiing to muke ^WDt 1000 rsTolntitnu In 
the aiune tinu. 

The amonnt of sagar that can be onied at cue 
time by a centritagal, gay of *8 in. diameter, Tariea • 
<»iuideTably witii the quality. For luRe-KTained 
Ngar same makers put in ai mooh ai the baaket can 
oonTeniently bold, or about 4) evt.; but meat prefer 
from 2^ to 3 owt. fbr a full oiuige, aa it ia cnied 
more apeedilT and efbotaallj. With low sagan a 
obwge of halt the above quantity ia aofBdent. With 
larg».gtalaed sugar three ot four minatea, and eome- 
timea eren leea, la aufflcitnt to onre a chaige; bat 
lo*, atioky logBn raqoire niy mnob mon lime, or 
bom twenty mmntM to half an boDf. IfaverynJe- 
ooloored eagai la deaired, a antall qnantity d hot 
water, or, what ia better, olarified ayrup, may be 
poured in after the molawca haa been aa far m 
poAible diiTen ottt. 




which leada to the traah-bouae ... 

ths middle, and aa high up aa the rooF will . 

the moDte-jos 0, where it la elevated into the 

to allow the Jaioa to deaoend Ummgh the variotu 

gravity. The olariOed Uqoor ia oonvn'ed t^ the gutten « to the filter E. Froi 
akng the gattera/ into the batteries F, where it ia ooneentrated to alraiit 27° £ 
ia allowed to mn along the gntteia A into one of the Wetzel pang H, or if theae 



rig. 7000 ia a plan of a angarhon 

" * *"' " ' wtth a cane-carrier B and traah^carrier B 

. _ m building with a tramway running along 
'he esBTCaaed jnieemnaalouK the gutter c to 
a D, whioh are plaeed at a aufDoieDt elevatton 
aela nntil it antrea in the coolera by ita own 
~' From theiMM it moa 

. 27° Beamnd: when it 

n along the gnttera A into one of the Wetzel pang H, or if theae are full, into the 
eialem 6, whence it ia pomped into the Wetzels aa required. When fully conoentrntpd the aymp 
18 let do<rn into the coolera I by movable ahoota. Here it ia allowed to itwid until oold, wiien 
it ia cured in the oentrifugal mHohinee E. from whence it ia removed to be dried oa the beitob B. 
The molaaaea bom the centrifugals ia conveyed by the gutter k either into the cfslem G or 
tank L; into the former (or tbe purpose of being re-concentrated, or into the latter for aapplying 
tbe Btill'bovae. In order to eoooomize fuel a tnbnlur boiler M is fixed in the flue of the bftttmie^ 
as shown in dotted lines, the waste heat from the fnmooei of which ia suffloient to supply the 
whole of the steam required. When it is not lieairable to work the boiler the heat may be con- 
ducted into the ohimney by the flue n. The boiler N ia for tbe purpose of supplying steam when 
the batteries are not being worked. The tank O ia plac«d on rolumns aa high as the roof will 
admit, and ia uaed fcs washing out tbe clarifiera and batteriea. Tbe email cittern P to whioh ia 
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ftttaohed a donkey-«iigi]i6 Q, is fbr the pmpofle of zeodTing: the oondenae iraier from the darifien 
and letnming it to ue hcrflen ; the tank O sapplyingany extra quantity of water that may he 
required. The en^e S is for diiving the oentrimgalB, Wetials, and any ottier maehinerr that may 
he gegnir ed. A still is shown at T, and the situation of still-honse is by the brdk»n walk. 

BUN-WHESL. Fb., Moucha; Qul, LaufgetriAe; Itaju, Rwta planetaria; Span^ Bueda para 
oambiar €i mofrimienio. 

See liBaHANTOAL MOTSHBVTB. 

SURVEYING. Fb., Arpentage; Gnu, Feldmet$m; Ital., Agrimenmm; Spajt., Agrimeneura, 

Surveying and Levelling. — ^AU snrvrys may be classed under one of two heads, namely, thoeo 
which are carried out without the aid of an angular instrument, and those in which one or more 
instruments are employed. The principle upon which all surveying is based, is that of dividing the 
area to be included in the surrey into a certain number of triangles, the relative position and 
accuracy of which are capable of being ascertained or checked, as it is termed, by moie than one 
independent method. Of all geometrical figures the triangle is the only one which cannot change 
its snaps witliout at the same time altering the length of its sides. Provided the length of its sides 
be constant its form is immutable. It must not be imagined, however, that the a(u>ption of this 
form ensures necessarily accurate measurement or renders errors in chaining of no oonseqnence. 
Whatever geometrical form majr be selected for subdividing the area of a survey, the necessity for 
proof or tie-lines is absolute. The time placed at the disnoiaalof the surveyor must, to a great extent, 
modify the scale of precision to which he intends adhenng, and the exalst nature of the survey ana 
the purposes for which it is intended will also materiallv influence him. When a survey is required 
for Duilding purposes, where every foot of frontage is of value, extreme accuracy is not only 
desirable but absolutely necesBarv. In the simplest cases, these oompriae merely the accurate 
measurement of a Quadrangular piece of Rroand, which includes the ftontage and rear of the pro- 
posed buildings. Upon the most eztendea scale they embrace the survey of Inrge estates, the laving 
out of the necessary roads and routes of interoommunieaticni, the marldng out of the oourse of the 
drains, the gas and water pipes, and the taking of the levds to ascertain the contours of the ground. 

Planning a Survey. — By the phrase planning a survey is meant the aoquiaition of tkat knowledge 
of the ground and its principal features, which will enable the surveyor to design in his own mind 
the general method upon which he intends to proceed. For this purpose he must make in all 
oases a preliminary reoonnaiBsance, and the principles which should guioe him, are similar to those 
already laid down in our article Railway JSngineering. Accompanied by a guide, the surveyor 
must walk over the ground, carefully noting all the prominent oojects wmch may be suitable for 
stations, and making a rou^h sketch in a note-book. Whether a map of the district is procurable 
or not, this walking over the nound should never be omitted ; but where such assistance is not 
obtainable it must be performed more thoroughly and extensively. A surveyor should, before com- 
mencing his field-work, have the general outline of the survey, and the general distribution of the 
main tnanglea, roughly plotted in his imagination. 

Thus while a map of the county is a great oonvenienoe, and a saving of time and trouble, it is 
not indispensable, as a general resemblance to the actual plan of the lomdity is all that is really of 
importance. The main object sought, is the cutting up or dividing of the area to be surveyed mto 
a number of triangles, always as far as possible consistent with the accurate determination of the 
various objects to be included in the survey. Upon the selection of the main or base lines depend 
the faoili^and ease with which the survey may be conducted, as wdl as the time wliioh it will 
occupy, while the system of lines laid down must always vary with the particular shape of the 
parish or estate to be surveyed, yet, as a rule, the longer the lines the better, and the nearer they 
approach to boundaries and fences the less need will there be of olbets and subsidiary triangles. At 
the same time it would be a serious error to spoil a well-conditioned triangle for the sake of running 
one of its sides along a fence. This should be avoided, as it is not an uncommon practice, and is 
an example of unscientific work. A well-conditioned triangle is one in which the angles are neither 
very acute nor very obtuse, and in laving out triangles it should be endeavoured to make them as 
nearlv equiangular, and oonsequentlj equilateral, as possible. This is in many cases impossible^ 
but the principle should not be lost sight of. The advantage of keeping the triangles as nearly as 
possible in conformity with these rules, is that the further the figure of the triangle deviates from 
the equilateral, the greater will be the error incurred, if some of its dimensions be a liltle out. A 
glance at Figs. 7091, 7092, will demonstrate the difference between a well and an ill conditioned 
triangle. In compound or instrumental surveying, which has been treated of in Geodesy, 11^ 
conditioned triangles are not of so much importance as in simple chain measurements, but in 
every case their employment is to be avoided. 

f093. 
YML 



YS92. 





To distinguish base lines from others of a leas important character, they are sometimes termed 
station lines. A station is the point where any mam or base line commences or terminates. It 
mav thus ooour not only at tiiese placesi but anjrwhere along a main line wherever another line, 
perhaps a tie-line, may commence or end. This will be understood from Fig. 7098, which repre- 
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oents ft piece of land lo be e ur v ey ed by tbe chain. In the first place a base line from 1 to 5 ia 
measnred as nearly as poeaible throuffh the centre of it, and the two triangles 1» 4, 5, and 1, ^ 5, 
Qonstracted upon each side of it, to ta&e in the boundaries. The two tie-lines to check the aoomBcy 
of the measurements are measured from the points 2 and 3, which are thereforB stations upon the 
main or base line 1 and 5. There are in the figure six stations in all, and it will be shown, when 
we treat of the field-book, that they are distinguished by particular marks, not only for the purpose 
of preventing confusion, but also for the sake of guidance in plotting the work. As a general 
principle, liable to some exceptions, the best plan is to measure a base line the whole length of tiie 
survey, as nearly through the centre as convenient. Upon this construct as many subsidiary 
triangles as possible, taking care to tie them in to the main line where necessary. The diagram, 
Fig. 7093, is an example in point There are, however, numerous instances where to follow this 
course would entail superfluous labour, and the surveyor should know how to vary Lis triangles to 
suit each particular occasion. 

•In Fig. 7094 is represented an estate the form of which is not adapted to the same system of 
lines as would answer for the example, Fig. 7093. 
Those shown are sufficient to determine all the 
points. Thus taking AB for the main line, and 
plotting it on paper, the point O is obtained by the 
intersection of tne lines A and E G, or at least 
supposed to be correctly obtained. It will be seen 
that it will be checked by another line. Having A^ 
determined the point 0, the point L is next obtained 
from K and B bv the intersection of lines KL H 

and B L. To find D we sweep a circle with the 

radius B D, and another with a radius equal to L D from L. If all the measurements be correct, 
the distance between the two points and D will be found equal to that measured, which will 
close the survey. Although not absolutely necessary, it would be well worth the time to continue 
the line H J to D, which wonld, in case of error, determine at once which of the points, C or D, 
was wrong. 

Surveying Chains. — ^A description of these, as well of the other instruments employed in Hhe 
operations of surveying and levelling, will be found under Surveving Instruments. Our reasons for 
prefeiringthe chain of 100 ft. in length to the standard chain of 66 ft. have already been given in 
naUwayEugineering. On the contin ent of Europe steel tapes are preferred to chains. They have 
the advantage of not being so liable to stretch ; but on the other hand, they are apt to become bent 
and even broken in bad and uneven gr ound, and when there is mucn cover in the way. As the 
length of a chain varies with the temperature, and also in order to provide for the readjustment of 
its length after it has been stretched by use, a standard length should be laid down in the imme- 
diate locality in which any survey of considerable extent is being conducted. Copings of walls, 
and platforms of railwajr stations, form convenient places upon which to mark the standard lengtii. 
Bhoiud those not be available, a couple of stout staKCs may be driven into the ground, and aasm off 
flush with it Upon their saw-cut surfaces the standard length may be accurately mafked. ^ It is 
not a bad plan, as an additional precaution, to drive a third stake m the eenlie, and mark on it a 
point corresponding to the exact middle division of the chain. In testing the chain, caro must be 
taken that the rings are quite free from diii, and tiie links perfectly straight, so that the chain may 
play freely aioug its wlioaB length. 

Qtainmg Base Lines, — ^The methoi of doing this has already been deacribed under Geodesy^, 
when great care and accuracy are necessary, as in extensive trigonometrical surveys. The method is 
the same, whatever desoription of measure may be adopted. For the usual purposes of surveying, 
the ordinary iron or steel chain, when carefully handled, is quite sufficient. 

Laying Off Perpendiculars with the Chain. — After measuring straight lines accurately with the 
chain, the next elementary operation is to set out a line at any angle with a given line, or to ascer- 
tain the angle between any two given lines. In small surveys, where the chain alone is employed, 
this is usually confined to setting out lines at right angles to a given or base line. The chain, the 
old cross sta^ the optical square, or any an gular instrument of a more complicated nature, may be 
med for this purpose, and the extent and importance of the line to be ranged or set out, must 
determine the method to be used. Where the line is short the chain may be employed for the 
purpose, but it is not so expeditious a mode as that by the 
optical square. It, moreover, involves a little manipulation, 
in which an error miy be made, whereas the optical square 
performs its task with mechanical fidelity. In Fig. 7095 let 
A D be a base or any given line, and it is reouired to erect a 
perpendicular at C, in the dir ection G E. if easure oflT B 
equal to 30 ft., fix one end of the chain at B, and let it be 
firmly held there. Fix*the ninetieth link at 0, leaving ten 
links loose, as shown by the dotted line G H. Take hold of 
the central brass, or fiftieth link of the chain, pull taut, and 
fix a pin at F. The line ranged through G F will be« ^r- 
pendicular to A D at the point G. In bwks upon the subject 
this operation is describea a little differently. For example, 
B G is made equal to 40 ft. mstead of 80 ft. It is dear tnat 
as the line A D is fixed, and its direction certain, it is prefer- 
able to make B G equal 30 ft. and G F equal to 40 ft., thus 
giving a longer line to range out the perpendicular G E, 
which may equal 100 ft or more. The chain must be pulled quite taut at F, as the whole accuracnr 
of the proceeding consists in the triangle being rigidly and evenly constructed upon the ground. 
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In a ploughed field upon a wet day, with the links of the chain dogged with diit, eome caxe b 
reqtured to manage the operation sncoeaefully. 

Theoretically this simple method of oonstmoting a right-angled trian^e npon the ground is 
Ibnnded upon tiiie 47th proposition of Euolid. It will be perceived that B F* s B C* + G F' or 
(50)* = (80* + 40*). Redaced to the smallest limits the ratio is 5* = (8* + 4"), and consequently 
any decimal multiplication of these numbers yields similarly truthful results. It is, in fact, the 
construction of a right-angled triangle, in whicn the relative equality between the hypotheuuse and 
the remaining sides is given in integral numbers. Tlie employment of this method is evidently 
limited to short perpendiculars, as it is against all principles of sound surveying to range or pnxluoe 
long lines from comparatively short ones. By the figure, the longest line from which to rougu out 
a perpendicular to any point C cannot exceed 40 ft, and it would not be prudent to extend this 
iowaras E beyond 100 ft., unless only approximative accuracy were demanded. This method is 
therefore adapted but for very insignificant diutances, and, moreover, should not be used for setting 
out lines at light angles where they are to form subsidiary main lines of a survey. It will answer 
well enough for building up small triangles upon existing base or main lines, in order to get in the 
irregular boundaries of winding rivers or unsymmetrically-shaped woods and fences. Tlie accuracy 
of the point F may be checked by an angular instrument, in order to satibfv the surveyor that tbie 
jnethod is, first of all, a oonect one, and, secondly, that be can do it correctly on the ground. 

Laying Ojf PerpendunUan unth Instruments, — A very ancient instrument for laying oif perpendi- 
onlara to a ^iren base line is the cross staff", which has been superseded by the optical souare. 
This useful little instrument is a pocket sextant denuded of its divided arc and one mirror, and with 
the other fixed permanently at an angle of 45^ to th e line' of direct virion. It is a pocket sextant 
capable of readins only an angle of 90^, Its essential feature is a small reflector, winch is silvered 
on its lower half but left plain upon its upper, thus admitting of direct vision through the latter, 
whilst any object can only be seen by reflection upon its lower part. Suppose it be required to raise 
a perpendicular at any point of a given line. Select any object in the line, and, standing over the 
point to which the perpendicular is required, look through a hole hi the instrument provicud for the 
purpose, until that object is seen clearly through the upper or ansilvered portion of the mirror. 
Direct an assistant to take a ranging rod and walk in the direction of the perpendicular, until the 
rod seen by reflection from the suveied or lower portion of the mirror, appears to coincide with the 
object, or until the two objects, the one seen by direct and the other oy reflected vision, overlapi 
as it is termed. If the object be also a ranging xod, the overlapping of the two will be very distinct^ 
and the position of the perpendicular obtained with great precision. 

Within certain limits this method of laying out perpendiculars is independent of the distance^ 
but if Hw ground is very uneven it is ratiier tedious, and, moreover, loses some of its accuracy. 
When the gmad is verv rugged and hilly recourse must be had to the theodolite. If^ instead of 
setting out a perpendiouar from a given point on a line, it is required to find where upon that line 
a perpendicular firom any ghoa object situated to the right or left of it would fiiU, the operation is 
simply reversed. In that oase, after liaviiig first set up a ranging rod in the line, and sighted it by 
direct vision, all that ia neoessary is to walk fliovty towards it exactly along the line until the image 
of the object ttom which the perpendicular is required, is aaan by refiection to overlap the ran^ng 
rod. The point where the obaerver then stands u the position of the perpsndioular upon the given 
line. It is well to let the object seen by direct vision be at least a couple of faidrsd tet off 
from the point where the perpendicular is wanted, as the fiffther off it is situated, the better ohanee, 
oomparatively speaking, of the accuracy of the result. 

Obstructions in Base Lines. — However desirous it may be to run the principal lines of a survey 
dear of all obstacles and impediments, it is in many instances impossible to do so. In the ranging 
out of the line it often happens that soma obstacle may intervene, which. osnnot be seen until 
the line is regularly and progressively chained out, and a near approach made to the impediment. 
Figs. 7096, 7097, will explam this dearly. It must be home in mind that the chief object in laying 
out the main Unes of tine survey, is to obtain a 
good series of triangles, and that, provided the 
line selected is well adapted for this purpose, it 
would be extremely injudidous to divert it, or 
break it up, in consequence of a trifiing impedi- 
ment lying in its path. The best line should be 
selected and adhered to, in spite of aU obstades 
and impediments, which merely require care and 
trouble to be succeBsfully overcome. In Fig. 7096 
suppose the base line to have been ranged from 
D to O. From the point D the other end of the 
base line can be seen at 0, and intervening rods 
can be put up in the line of sight at A and B. 
There is, however, an impediment in the shape of 
a house situated right in the line D 0, which can- 
not be seen tnm either D or 0. A reference to 
Fig. 7097, which shows a section of the ground 
along the base line DO, will demonstrate the 
reason of this. The house lies in a hollow, and 
is evidently invisible from dther end of the Une. 
After having ranged Out the line, and proceeded 
with the chaining sa &r as the first point A, it will be perceived that the house is dtuated right 
between A and the next point B, and interrupts the line of sight Means therefore must be 
taken for overoomine the difficulty, and for passing the obstacle. At the same time it must not be 
assumed, that even bad it been distinctly teen that the house would intersect the direoticm of the 
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bate linOi it shimld therofore baTe been abandoned, atkl anoiher nm ao as io clear the hmiae. 
It is troe that the actual shifting of the line at the pcdnt where the obstacle oooumed, might not 
exceed a dosen feet to one aide or the other, bat this doaen feet in a base line a mile long would 
throw the end out to a yery great extent, and in all probability render it naeless as a main line of 
the jystem of triangnlation proper to be adopted under the oixoumstanoes. 

Tlie majority of the meUioas employed for passing obieots which intofere with the direction of 
base lines, depend upon one or other of the problems of Euclid, including those relating to the pro- 
perties of similar tnangles. The direct measurement should always be obtained where possiole, 
and will in all cases be found more satisfactory. The methods which we are about to illustrate, 
only apply to examples where the interruption is of a very limited nature. Where- long distances 
have to oe determined with accuracy, there is no other plan of ascertaining them than by the use of 
the theodolite and trigonometrical ououlation. One of tiie simplest instBoioes of an obstruction is 
represented in Fig. 7098, where it is required to pus a house which is intereected br one of the 
main lines. The plan to be pursued connstB in setting out a line parallel to the main Ime for a di»> 
tanoe sufficient to dear the obstacle, and then resuming the former direction. At some reasonable 
distonce from the obstacle let a perpendicular be laid off with the chain from the point A, and tbe 
distance A a very carefoUy measured. At the point B set off another perpendicular B 6, of the same 
length as A a. The distance a b dionld be of a length proportional to the length of the obstacle to 
be passed, as it will determine the direction of the parallel fine. This is obtained by ranging a line 
through the points a and b. After peMing the obstacle at the point c, set off the pernendicular e 
of the same length as those already laid off at A and B. The point will be in the direction of the 
original base line, and by sighting from G to the next point viedble on the main line, the correct 
direction can be oontinuecL Shomd'it, however, be impossible to see amr of the points on the main 
line previously determined, the direction may be obtained by laying off f^om /, on the paraUel line 
the perpendicular / E equal to c 0. By ranging through E the base line may be continued until 
one of the more distant points can be seen. If this 

operation is carofally performed, it wiU be found on '^^ 

oheckinpf the direction of the next point arrived at, that P A B | ji| | C R 

the deviation will n ot exceed two or three inches, which [ | — | I 

may be regarded as practically of no consequence. The a^ t or 

essential points to oe attended to, are tne accurate 
measurement of the perpendiculars, and the ranging . 
of the parallel line. It would be very imprudent to -^ 
range a line on, fifom the other side of the obstacle, 
by this method, without determining some distant 
point beyond it, to act as a check upon the direction, 
for a slip of an inch or two at the obstacle might 
become a serious error at the end of the line. So long 
as the two extremities of a line are fixed, it is com- 
paratively easy to maintain the intermediate points '^ ^^^ 
in the proper direction. 

Whenever the line has been ranged, and its direction fixed by points at each extremity, one of 
which is visible from any given obe&uction, the obstacle may be passed in a simpler manner than 
that already described, and one which avoids the laying off of the perpendiculars, and the conseq[uent 
possibility of errors taking place. Let it be required to pass the house in Fig. 7099, situated in the 
tine A B, the points A and B being already determined, and the latter visible from the place where 
the house stands. At the point range a line K, maldng E = E K. Then, from any point D 
in the direction of the base line, range D H through the point E, making D E =£ E H. The line 
H K will be equal to the line G D, and the chaining may be proceeded wiui from the point D, after 
adding the distance H K = D to the distance already chained. In performing this operaticm on 
the ground, care should be taken to make the triangles as well-conditioned as possible, avoiding all 
very obtuse and very acute angles. As, within certein limits, the selection of tne points G and D is 
optional, there will be no difficulty in arranging them, so that the triangles G E D and £ H K should 
be of the form required. When these depeortures from the regular chaining of the main lines take 
place, it is advisaole to make a small sketch in the field-book, showing the obstacle, the distance at 
which it occurs, and the manner in which it is passed. We have hitherto regarded tiie obstacles 
lying in the line of sight of the base line to be of a solid nature. Frequently, however, they are 
merely superficial, at least so far as the surveyor Ib concerned, and similar examples are to be round 
in rivers, lakes, and ponds. In fact, it is impossible to carry out a survey, having any pretensions 
to size, without encountering some of these impediments. An error fallen into in most of the tat- 
bookon surveying, is that of supposing and taking as the basis for illustration, that the line crosses 
the river or other impediment exactly at ri^ht angles with the banks. This is a great mistake, as 
in nearly ever^ instonce it will happen that the line crosses on the skew, and sometimes very 
obliquely. It is a bad plan to attempt to work out a problem in surveying on the ground, without 
having previously solved it on paper or in the head. It should first be studied theoretically, and 
the theory of it satisfactorily demonstrated to be sound, and then it may be safely carried out in 
the field. 

As an example of distence inaccessible to chaining, suppose a large piece of water to be crossed 
by the base line of a sdrvey, as represented in Fig. 7100. liCt A B be the base line, G D the distence 
required. Btondiog at G, range any line G E. From D, set off D E perpendicular to the base line, 
intersecting G E in any point E, and from E set off E F perpendicular to G E, and meeting the base 
line in F. Should there be any difficulty in getting a sufficient length of line between E and the 
water to lay off the perpendicular E F from, the object may be accomplished by producing G E to 
H, and setting off the perpendicular from the prolonged part E H. Having correctly constructed 
the triangles on the ground, it now remains to calculate tne distence required. In the first place^ 
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^he trian^ei DBF and DEO are equiangular, aa maj be eaaily demonstimted ihua;— Angle 
CD£ = FD£ = 90°. Angle OEF s 90« = D £F + DFE. But angle C B F = O E D + 
D E F, and conaequently DEF + DFE^CED + DEF. Subtracting the common angle 
D £ F from both aides of the equation, we have angle D F £ = angle C £ D. Conaequently the 
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remaining angle D E in the one triangle equaU the remaining ansle D £ F in the other, and the 
two triangles are' equiangular. By the sixth book of Euclid, we have the following proportion 
between the sidee. DF : DE :: DE : DO. Multiplying extremes and means, we obtoin D F x 

DE* 
D = D E" and D = -^^ the distance required. To take another case, let us suppose a river 

has to be crossed hv the base line A B in Fig. 7101, and the length C D is the measurement wanted. 
We will first describe the practical part of the operation, that is, the construction of the diagram on 
the ground, and then demonstrate the truth of it theoretically. Measure the distance KG, range 
any line D £ H, and fiom the points K and raise perpendiculars £, K H to the base line A B, 
meeting the line D H in E and H, taking care to measure very carefully the length of the perpen- 
diculars E and K H. The required diatonee OB will be giyenbytheformnla CD = ^^^ T,^ . 

Now for the proof. Draw in the figure the dotted line E M perpendicular to H K. Then the 
triangles H M £ and E D are similar and equiangular, because since the line H D cuts the two 
parallel lines HK, EC, by the first book of Euclid, angle DEC =x ande EHM. For the same 
reason, since M £ and K D are parallel, the angle HE M = angle ED 0, and aa the remaining 
angle in each triangle is each equal to 90°, the two triangles are equiangular. It follows ftom this 
that we have the following proportions ;—H M : ME :: CE : CD. But HM = K H - OE, and 
M £ = OK. Substituting these values in the above ratio, we have KH - CE : OK :: CE : 
C D. Multiplying the extremes and the means, we obtain (KH-CE)xOD = CExOKy 

and, finally, CDs ^r= — pr^, which is the same as the fonnula given above. If the distance 

G D be oonsiderable, and it is desirable to dheok the aoouraoy of the operation, the line H E D may 
be ranged on ftirther upon the oppoeite side of the river in the direction of the dotted line, and the 
distances DE, EH having be^ measured along it, perpendiculars maybe dropjped fh>m them 
upon the base line, which should be equal to KH and CE respectively. If this is carefally and 
correctly performed, the error will be very trifling either in direotion or amount Occasionally, 
instances will occur where the surveyor must, so to speak, invent a method of his own, but if he 
thoroughly understand the principle upon which all such problems are founded, he will have no 
difficulty in applying them to particular examples for which no general rule can be laid down. 

Before leavmg the subject of horizontal inaccessible distances, a few words may be said respecting 
one that was of a most important nature and somewhat difficult to obtain, the more especially aa 
minute aoouraoy was indispensable. The instance in question was the determination of the centre 
spans of the Menai Tubular Bridge. They are 460 ft. wide in the dear, and as no temporary plat- 
form of any description could be erected, it was exceedingly difficult to aficertain the distance by 
direct measurement. It was, of course, efiected trigonometrically, but a plan was formed to obtain 
it by what might be termed indirect measurement, inasmuch as it did not involve the use of any 
angular instrument, but depended upon the properUea of the catenary. Two ^ans were nut into 
execution. The first consisted in hanging a stiung copper wire from a given height upon eacn shore, 
in such a manner that it assumed the catenary curve, and its lowest point just touched the surface 
of the water when it was quite calm. The level of the water having been accurately determined, 
the wire waa then suspended under precisely identical conditions upon the shore, and the horizontal 
distance or chord of the are aocuratdy measured. By the second plan, the span itself waa actually 
measured in a direct manner. For this purpose a number of deal rods were threaded on a rope, 
and on a calm day gently fioated on the water, until they came pretty nearly into the position 

Suired. They were then drawn, by means of the rope, into a straignt line, and as proper care was 
»n that their ends were in close contact, the span between the piers was accurately detor> 
mined. All theee three methods, namely, the trigonometrical one and the two just described, 
tallied perfectly in their respective results. It is evident that there was no abeolute necessity for 
erecting the wire upon shore in order to obtain the length of tlie span or chord, for as the length of 
the chfon, that is, of the arc, vras known, and alao the abscissa or versed sine, the chord or span could 
be obtained by calculation. Tables have been compiled giving their relative dimensions, and it is 
dear that if the proportions be once known for any three dimensions, they can be ascertained for 
any multiplee or submultiplea of them. Thus, if S be the half span of the chain, Y the versed sine 
or distance of the lowest point of the curve below the horizontal line, and L the length of the arO| 
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then whato w tMitieuIar eaae may bo sdeoted as a datom, it wiU fiimish a basis for the oalealatioa 
of others in which the above oonditionB prevail. If for oertain valaes of 8 and Y, L be found to 
havea value of r, then if the 8 and Y become eooal to y x 8 and y X Y, the value of L will be 
eqaaL to y x ir. For instance, in the tables of Davies Qilbert, when 8 = 100, and Y = 20, 
L = 102*6. Oonsequentlv when 8 = 200 and Y = 40, then L = 205*2 = length of half chain. 
The aoooraov of this may be checked by the well-known formula, applicable to the defcermiiiaUon 
of the length of a suspension of chain when the chord and vetaed sine are known. Using the 
same notation, but bearing in mind that L , in this instance^ represents the length of the whole 

ohauiy we have L s 2 V ( s-j + '~q~'* Substituting in this formula our values, 8 = iOO 

Y =r 40,theeqaatioab60omes L s 2^40000 + 2188-83. From this, L ss 2 x 205*2 » 410*4, 
which is exactly double the half ohaln found from the tables. A diagram of this- is shown in 
Fig. 7102, which exhibits the deflection of a catenary of the above Himftnaini fl , 

It is evident that in those instances in whidi 
the intervening spaoe^ which oannot be directly 
measured, hss to be spanned by a structure of iron, 
great accuracy is inmspensable. Hie ironwork 
IS constructed, and often partially put together, 
before it is brought to its permanent site. Any 
discrepancy in the measurements would then be 
very serious and only remedied at a great expense. In erecting suspension bridges of large span, 
in which the distance between abutments has to be ascertained by triangolatton, or what may be 
termed indirect measurements, the centre link of the chain is frenerally the last manufaotured, so 
as to leave room for any slight acyustment in the total length which the direct measurement of the 
span might render necessary. 

Oflbets should not exceed 50 ft. or 60 ft. in length, and should invariably be taken at right 
angles to the main or principal line. Where great accuracy is desirable, or where a long ofiset is 
taken to a somewhat important object in the survey, the right angle may be laid off by either the 
optical Bf^uare or by the aid of the chain only.' Under ordinary circumstances offsets are most 
rapidly and conveuently measured with a tape, and the e^e may be relied upon to give the right 
angle with sufficient preciBion for all practical purposes, u may be mentioned that there are two 
descriptions of tapes ; one is usually known as the metallic tape, and has delicate copper wires or 
threads interwoven with the substance of which it is composed. The other kind is a plain linen 
tape without any such additional combination. When really good, either of them may be trusted 
at any time to half an inch. In using a tape in wet weather, or upon any occasion when it gets 
wet, it should never be rolled up until it is quite dry. Winding up a wet tape and laying it by in 
its box until it is next wanted is a oertain means of spoiling it. The tape^ after being washed, 
should be coUed loosely up, ana after carrying it for a short time in the open ahr it will be dry 
enouffh to wind up. The same remark applies to rolling up a dirty tope. 

The same oare should be bestowed upon the chain. 
Unless a chain is properly put up, the links are liable to 
get strained and bent, to say nothing of the smaller space 
It occupies and the handy manner in which it can be 
carried when nicely packea. 

To illustrate the use of o&ets in ascertaining the 
actusl boundary of any piece of ground, or any fence that 
may serve as a division between difierant plots of land, we 
select the example, Fig. 7108. Let A B represent a por- 
tion of any main line forming one of the sides of any of 
the principal triangles laid down in a survey, and suppose 
it be required to oetormine the figure of the fence D, 
the line A B having been plotted upon paper, and the 
respective distances along it where the omets are set off 
having been marked either with the fine point of a pencil 
t with a pricker, let perpendicular lines be erected at 
ohese parts, and upon them the lengths of the ofiseto laid 
toff. The length of each offset will be the distence from 
the main line to the fence D ; and consequently these 
distances having been laid off^ the end of each oUBet Kivss 
a point in the fence. If all these pointe or ends of the 
oftseta be ioined by lines, the shape of the fence or boun- 
dary will be determined. The dotted lines represent the 
oflbets. The example selected in Fig. 7108 assnmes that 
the main line runs sloug or ddrts the boundary within 
the prescribed leneth for offdete. This should always be 
arranged if possibfo, but it frequently happens that fences 
are so irregular as to preclude this r^y manner of deter> 
mining the position of their different points. 8ometimes 
a fence will break away suddenly so as to be beyond the 
reach of oflbeto taken from the main line. This case is 
represented in Fig. 7104 ; the course to be pursued under 

the ciroumstances is shown in the diagram. When the distenoe from the main line A B is too 
great to reach the fence by the ordinarv offsets, a small triangle must be constructed on the main 
fine, and offsets taken from ito sides to the fence. In the figure the triangle abc enables the fenoe 
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to bd got in on the snirey. The tie-line hd must not be fbTgotten, as it flervee as a eheck upon the 
aocnraoy of the work, as already explained. Although extreme acxnxracy is not generally needed in 
taking oflfsets in the open country, yet in the snrrey of oities and towns they must be determined 
▼ery carefully, as the frontages of houses, the areas of gardens, out-premises, and other buildings, 
depend upon the care with which the measurJBments are made. Beferring to Fig. 7103 it will be 
seen that there is no necessity for taking more offsets than what are sufficient to obt lin every 
change of direction in the fence, as it is aiways supposed to lie in a straight line between any two 
■uoceasiye offints. 

The offset staff is also used by suzveyors, but is only suitable for offsets of very limited dimcn- 
sbns. It is usually about 6 or 7 ft. in length when the standard chain is employed, but 10 ft. is a 
couTenient length when surreying with the chain of 100 ft. At one end of it theijB should be an 
obtuse pointed iron ferule witn a steel point for sticking in the ground. At the other end there 
should also be an iron ferule, but without any point on it. Instead, it should have a strong hook 
attached to the side, and of a size large enough to hold in it the handle of the chain, which 
renders it usefcd for dragging it through hedgea. Having lined out the length of the ofiGset, the 
staff is turned over end for end as many times contiecutively as may be reauired to bring it to the 
point to which the offset is to be taken. For this reason the offsets should oe limited in length, as 
enors aocumula'te rapidly even with the most dexterous manipulation of the staff". When the 
offiet is about 50 or 60 ft., the measurement with a tape is &r preferable, and in every instance its 
use will be more advantageous than that of the staff*. 

Meaaurement of Hills, — In chaining and the measurement of base lines, it has been assumed that 
the gpround has been level, or sufficiently so to cause no appreciable difference between a truly 
horizontal measurement and that taken along the surface. It is seldom, however, that a base line 
of any considerable length can be measured, without it being necessary to make some allowance 
for the sloping and irregular contours of the ground. The necessity for this becomes more apparent 
as the sunace of the ground departs from the plane of tlie horizon, as the greater the angle of 
inclination the greater will be the difference between the false and the true, or the inclined and 
horizontal measurement. There are various methods of arriving at the true horizontal measurement 
of sloping surfaces, and the degree of accuracy to which the sorvey is to be carried, must in all 
cases determine which is to be ^opted. It is scarcely necessary to mention that the true distance 
will always be less than the apparent one, and therefore, when ciuculation is used, there will always 
be a reduction to be made. An experienced surveyor is able to tell pretty well by the eye, the 
allowanoe to be made in the majority of instances when only approximate accuraov is demanded, 
and the question becomes reduced to taking the next measurement or chain's length, not from the 
end of the former, but from a point obtained bv making the proper allowanoe. The diagram in 
Fig. 7105 will render this operation perfectly clear, but it is one that an inexperienced person will 
dobetter not to attempt to carry into practice. In Fig. 7105 snpnoee the chain to be stretched upon 
the inclined surface of a hill and extend from A to a, but the real horizontal measurement to extend 
from A to B. The point B where the chain A a will intersect the horizontal is found by taking A a 
in the compasses and sweeping a circle until it touches the horizontal line A G in B. If the line 
B 6 be projected at right angles to A G it will intersect the surface of the ground at 6, so that the 
true distance to be measmred along the slope by one chain's length is not A a, but A 6. From the 
appearance of the slope an approximate estimate can be made of the distance a 6, and the next 
chain's length is measured consequently not from a, but from the point 6, and so on, as often as may 
be required. The same process applies to the case of a descent as well as that of an ascent, but 
it is invariably more difficult to arrive at a correct approximation of tlie rate of inclination when 
descending than ascending a slope. 
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The explanation of the method by which the distance a 6 is estimated will serve to indi- 
cate a mecnonical mode of arriving at the same result. This latter is preferable when carefully 
performed to that given in Fig. 7105. It should not, at the same time, oe ropeated too often con- 
secutively, as small errors creep in at every step. Let A B in Fig. 7106 be the sloping groimd 
to be measured horizontally. The principle consists in taking up the chain in sho^t lengths and 
holding one end vertically over the starting points, while the other is fixed or held firmly down. 
In the figuro let the sorveyor be supposed to stand at A, with the end of the chain held vertically 
over the point A by means of a plumb-line and bob. In the meantime the leader has hold of the 
twenty-fifth link, which he fastens down in the proper direction at 6 ; the surveyor then slacks the 
end of the chain, advances to the point 6, takes up the chain carefully at the twenty-fifth link, 
leaving the pin in to mark the spot, and holds it over the point 6, or, in technical phraseology, 
plumbs it over tiie point 6. The l^ider has advanced to the fiftieth link, which he has fixed at c, 
and the operation proceeds in a similar manner to d, and until the summit of the inohne is sur- 
mounted. The chain must be well stretched between the points at 6' c, c' d!, in order to render the 
deflection inappreciable, so that it is preferable to take short lengths at a time, instead of long ones, 
although the fonner may demand more trouble. The steepness of the slope will also regulate the 
distance between the successive points of measurement, as the chain can only be raised a certain 
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Mght by hand, and it ia aboolntely neoeanry that it bo maintained aa nearly horixontal aa the 
droomatanoee of the case will allow. If this mechanical reduction of the inclined to the horizontal 
measurement be oarefdlly performed, the result will be a yery doae approximation to the tme 
distance. Should the hill be very short, the incline may be measured very expeditiously in the 
manner described by means of a good tape, provided there is very little wind blowing. 

Having described the two approximate methods of reducing the sloping to the horiaontal mea- 
surement, it now remains to indicate the more exact means of obtaining the same result. It ia 
hardly necessary to observe that in large and important national and trigonometrical surveys, 
approximate methods cannot be employed, but aU the operations must be performed with the most 
minute accuracy. A glance at Fig. 7105 will point out that there are three aides in the triangle 
A 6 B, one only of which is known. By the rulea of proportion, aa well as of equations, when one 
of these indeterminate quantities ia to be determined, two must be given in order to aolve the 
Question. In the triangle A 6 B, the distance A 6 is given : and if B 6 were known, the horizontal 
oistance could be aac^tained, aince (A by = (A B)* -f (B 6)', or making A6 = dr, AB:=y, and 

B = z, we have for the value of A B, y ?: V(^~ '^')< But B6 ia the difference of level between 
the pointa A and 6, which can be readily obtained by levelling, aa will be ahown when treating of 
that branch of the aubject If, instead of the distance B 6 being known, the angle of inclination or 
the angle B A 6 were ascertained, the problem could be aolved equally readily. Suppbae, for inataaoe^ 
a certain number of feet were measured along the slope in Fig. 7106, from A to B, the oonect hori- 
zontal measurement of which was AB, but which has to be determined; let AB = N', A6 = N, 
and e<^ual the angle of elevation BA&. By the rulea of trigonometry for aolving right- 
angled trianglea, we have N' ='N x coeine 9, oonaequently the difference between the horizontal 
and the sloping measurement varies as the cosine of the angle of elevation, or, in plain terms, with 
the alope of the ground. The diflbrenoe between theae two meaauzementa, or what ia oaUed the 
reduction, is eviiuntly equal to (N — K*^. Aa an example, anppoae N or the diatanoe A 6 in 
Fig. 7106 to meaaure 100 fL, and the angle B Aft 15^, what is the value of the oovrect horizontal 
measurement A B, and of the reduction (N — N*) ? By the rule we have 

AB = A6 X ooaine 15^ = 100 x 0*96592 = 96*592 ft. 

The reduction, therefore, ia equal to 100 - 96*592 ss 8*408 ft. The correct diatanoe to be 
entered in the fleld-bo(A from A to ft ia 96*592 ft., but if there ia no neoeaaity for noting the point 6' 
on the plan, the aimpleat method will be to add 8*408 ft. to the 100 ft. already meaaured, and 
commence the next ehain'a length from that point In other worda, 100 ft. on the horizontal 
measurement equala 108*408 ft. on the aloping snrfroe. From the formula and example we have 

fiven, it is readily peioeived that tables can be oonatruoted giving the reduction to be made, or the 
ifference between the horizontal and aloping meaaorement for oufferent anglea of inclination. In 
Table I. is shown the number of feet on a sloping surface inclined at various anglea that oorre- 
aponda horizontally to 100 ft. measured along the given alope, and alao the reduction to be made for 
every ehain'a length or 100 ft. meaaured akxag the alope; — 

Tablb I. 



AnKlBoff 
Sk^ta 



8 

6 

7 

10 

12 

14 



Yalue of 100 feet 

mcMored 

horisoatally. 



99*862 
99*452 
99*254 
98*480 
97*814 
97*029 



Dlinreood or 
Radncttoo. 



0*138 
0*548 
0*746 
1*520 
2*186 
2*971 



Angle of 
Slope in 



16 
18 
20 
28 
27 
80 



Vftlaeof lOOfeet 

measared 

horiaontally. 



96 

95' 

93 

92' 

89 



126 

105 
969 
050 
100 



86*602 



Df fferaooe or 
BcducUon. 



8*874 
4*895 
6031 
7*950 
10*900 
18-398 



If the alope continue uniform, and there are not any fencea or other objeeta to be noted in the 
field-book, the chaining can be continued aa far aa mav be oonaidered deairable. and the reaults in 
the third or aixth columna given in the Table multiplied by the number of chaina meaaured. The 
product will give the total reduction or difference to be idlowed for. 

The Field-book.—There are but two deacriptioua of field-booka in ordinary uae at preaent, and 
one of theae ia faat beooming obaolete. This latter ia about the aize of a demy 4to, and in it the 
trianglea, linea, and offsets, together with the fenoea, rivera, buildinga, and other phyaical featnrea 
of the ground surveyed, are actually aketched. The dimen- 
aiona are written akmgaide the variooa linea and offsets, and the Tiot. 

whole ia in fact a mere aketoh-plan. • The other field-book and 
the one to be preferred, conaiata of an ordinary pocket-book j^i 
opening lengthwaya, with a eoiuple of red linea about ( in. 
apart, ruled in a longitudinal cureotion down the oentre of 
overy pa^pe. 

If Fig. 7107 rqneaeat a field to be aurveyed according to 
the linea and offseika there laid down, it repreaenta also the 
manner in which the meaaurements and linea would be sketched 
out in the first of the two field-booka under mention. There ^ 

would be in addition, of courae, the dimenaioDa of the different 

linea, which would be entered alongaide of them, or aufflciently oloae to them to indicate to which 
they belong. Judging aolely from the small example given in Fig. 7107, this deacription of field- 
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book would appear to leave nothing to be desired ; but it is one matter to have to survey a single 
field, and another to undertake a duty involving many hundred fields, together with a large number 
of buildings. The great diflBculty in using a sketch note-book, where the survey is on a large 
scale, is to avoid confusion. Omitting all further oonbideration of the sketch field-book, let us now 
pass on to investigate the other description. Referring to Fig. 7107, we are required to survey the 
field shown thereon, and record the measurements in the field-book so that they may be accurately 
plotted therefrom, and the true figure of the field drawn upon paper. In the first place it must bie 
borne in mind that the field-book is commenced at what would, strictly speaking, be considered 
the last page. The object of tiiis is that thu surveyor is always looking in the direction of the line 
he is going, both iu the field and in the field-book. The meaning of stations has already been 
explained as those points wherever any of the lines constituting parts of the triangles begin or end. 
There are various ways of distinguishing them. We prefer a small triangle witii a dot in the 
centre, more especially as it is the same mark used by the English Ordnanoe engineers for dis- 
tinguishing their trigonometrical stations. Commencing at A, the surveyor puts up a rod or pole 
at B, or any object already existing there will answer the purpose, provided it is straight and can 
be seen from A. After stretching out the chain in the direction of uie line A B, he takes his offsets 
at the points shown. Returning to the field-book. Figs. 7108 to 7110, he enters in the space 
between the ruled Hues the distance along the line where the ofiset ocouxs, and 
to the right or left of the space the distance in feet or links, acoQcdingto what 
measure he is using, from the line A B to the fence or other objeot. This dia- 
tanoe constitutes the offuet. As the surveyor is advancing from A to B, all the 
offsets will be on the left-hand side of the line, and consequently plotted to the 
left of the space in the field-book. On arriving at 208 on the Ime A B, the end 
of the tie-line G D comes in upon the right-hand side of A B. According to 
what has been already stated, this constitutes the point 208 a staticm, and it is 
therefore entered as such in the field- 
book. The remaining lines and offsets 
are obtained and entered in the same 
manner, and the converse of the problem 
is to transform the contents of the field- 
book into the diagram represented in 
Fig. 7107. This u the simplest case 
that could possibly occur in surveying, 
but although the field-book becomes 
rather more complicated where the sur- 
vey embraces large estates and towns, 
yet if the prmciple be once thoroughly 
untlerstood, the more difficult examples 
will give no trouble afterwards. 

In the simple case to which reference 
has been made, the offsets were all taken 
on the same side of the main lines com- 
posing the triangle, but there might be 
objects situated on both sides of those 
lines. If the line, for instance, crossed 
ft road or fence, there would be port of 
it upon the right-hand side ana part 
of it on the left, and at the point where 
the crosaine took place the offsets would, 
ao to speak, ohuuge from the one side 
to the other. There is just one little 
detail that has to be attended to here, 
which will render the plotting of fences, 
roads, and other objects crossed b^ the 
main line of a survey sufficiently mtel- 
ligible. It must be borne in mind that 

the space in the field-book enclosed AwivA 

between the two longitudinal lines in 
reality is supposed to represent the main line itself, 
and consequently it is advisable not to have a 
thickness greater than an ordinary ruled line upon 
paper. At whatever angle therefore the line may 
cross the fence, it will always appear as if it crossed 
it at right angles. This is shown in Fig. 7111, 
where a fence is represented as crossing the main 
line twice ; once at 280 and again at 265. The 
direction of the fence, or the angle at which it 
crosses, is obtained by the offsets taken on each 
side SB near the crossing of the fence as may be 
oonvt nicnt. In the figure the offints at 225, 245, 
and 280 detennine the direction of tlie fence with 
sufficient accuracy for all practical purposes. 

In addition to marking, by means of the station pohit we have ohoeen, the poeitionB of the junc- 
tions of lines with others, it is advantageous to know in what direction th<fy proceed, without having 
the trouble of laying down a number of tie and other lines to determine it. Suppose in changing 
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the line A B we nm ft line from C in the diiection G D, and anotber in the direction E H, it i* ml] 

to know when mArking off the pointo C ftud E upon paper, on what aide of the perpendicular line 
those line* raepectiTely iie. Lei Fig. 7112 represent the portion of the field-book belonging to Fig. 
7113 in which the diataQcee C and E oorretpond to 350 and 700 ft. reepectiTelj upon Uie maiD line 
A B. The direction of tlia lines C D and E H ia indicated by affixing a little anow to the itation 
point, pointing to that ride oT the right angle apon which the end of the linea U ritoated. 
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Whenever » fenoe make* a bend at right angles to the main line there are evidentlr two 
ofbeta to be entered in the same Une. In Pig. 7114 let the fence bend m shown. Then it la 
optional whether the first offset be written by itaelf and the second along the bend, and the totul 
distance to the oulor line of the fence be regarded as the anm of the reapectire diBfancea, or whetlier 
the offsets be written instead of 7 and 8, 7 and 25. In the latter ansa the outside offset, 25. is tlie 
tobJ distance to the extreme point of the fence. There is a onnvenience in making the outuide offset 
represent the total distance, arising from the fact that as the tape is alieaiij pnllol out fur the first 
measurement, it is only necessary to pnll it out a little further lo obtain the second, and tlie two are 
Urns really got at one operatioQ. In the other caae, where they are entered sppBralely as distinct 
offsets in the field-book, the tape must either be rolled up, after taking the Brat offset, and pulled 
out again to measnre the second, or a mental enbtraclion of the one offset from the other made to 
obtain and enter them independently. Mental calculations should w)ieie possible be aioided in the 
Beld, as there is no check upon tliem, and it is sometimes very difficult to remember afterwardd bow 
they were arriied at. To aaeertaln the poaitioo and dimensions of a house or building as in Fig. 
7115, it is only necefflary to take offsels at each end, the length of the house being given by the 
distance along the main line thoy are situated apart. Although this is sufficient if oorrectlj done, 
yet a very little error incurred by nfii measuring the oBsets, eBpeoiallj if they be long ones at risht 
anglee to the main lines, might make a serious difference in the aotuaJ length of the building. Let 
UB luppoM that the pcrition of a house is accurately represented in Fig. 7115, with respect to tba 
main line CD, by the oAets from Band Hbeingoorrectly taken at right angles to CD. But if the 
olbela were, as they might easily be through carelessness, iakea in the directions of the dotted line, 
then the house wuold occupy the position shown by the dotted lines, and its length irould be 
increased about a third Bwre tlian the actual dimensiun. The proper way is (o Qrat take the oQbets 
in the ordinary manner, and then measure the building all round. This is the more nece^uy, as in 
country districts buildings are not always construoled square^ and frequently there is a very appra- 
ciable diflbrenoe in the length of the back and front. Should a bnilding, with a number of outhouse^ 
such M banu, sheds, cow-houses, sod other deacriptinns of rear premiseB, be enclosed by a fenoe or 
wall, it will be found a nmpler and preferable plan to take the ofiaets only up to the enclosing wall 
or fence, and make a sepAtate survey of the area and buildings within. In an extensive survey, also, 
it is the usual proctice to first measure the main lines without taking any ofbet whatever. They are 
then laid down npon paper, and if the survey cloee, that is, if tliej agree both in length and 
direction, and the triangles also, they ere then chained over again, and the offsets taken in the 
ordinary manner. The reason of this manner of proceeding is obvious. As it is always possible 
errors may ooont, let us suppose a base line a couple oi miles in length measured, and the position 
of obiects in its vicinity determined in the ordinary manner by o%eta. Now upon plotting the 
triuigles, it is found they will not close, and consequently some errors have been made. Upon 
ezammation, it is dIsooveKd that the position of the above line is wrong, that it has, in fact, been 
inoorreotly ranged. The result is, that the whole of the time and labonr expended in taking the 
offsets is lost and the only thing to he done ia to draw the pen aoross the pages of. the field-book and 
start anreah. 

Thmnt Surveying. — A ttaverse la the surrey ofa polygonal flgoreoommenoingatany given point, 
and terminating at the same. In tracing thia circuitous route it ia necesserv to measure the lengths 
of the aides, and also the snglea between them, before a plan of it can be laid down. Roferrine to 
the lines in Fig. 7116, let a survev be required of the area contained between the stream and the 

road. Set out the linee AB, Btl, CD NA; Tnessnre the lengths of the sides end the 

angles, and it will be evident that the figure mny be laid down on paper. The method of procedure 
in the field ia as follows ; — Starting from a pniut at which observations oan be made on anrmnnding 
objects, as at A, set out the lines A a, A O, A B, and plant the theodolite at A. Clomp the limb and 
vernier-plates at 860^, or xero, and torn the whole instrument round until the magnetic nopdle li"* 
over the north and south line N B, and clamp it firm in that position. Kelease the vernier-plate 
and bring the telesoope to bear oonseontlvely on A a, A O, A H, A P, A E, and lastly on A B, 
clamping the vernier-plate each time ; having carefully entered at station A sll the angles mode by 
the Bliove lines with the magnetio meridian, and having both elamps firmly fixed, the last reading 
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being with the telescope bearing on A B, remote the Infitrament to B, phmt it at this station, and 
carefully level it. ReJeaie only tlie damp-screw of the limb ; the yeraier-plate mn&t not be di»- 



7116. 




tturbed, or the operation will have to be repeated. Now torn the theodolite bodily round, so thai 
the telescope reversed may bear on A, wnere a man must be left to hold a flag-pole, clamp the 
limb, and perfect the contact by means of the slow-motion screw 8, and examine the readings of 
the Teruiers to see that no disturbance has taken place. A few words are now required with 
regard to the telescope being reversed. This o^ration places the horizontal limb and the verniers 
in the same position, with regard to the magnetic meridiiui, as that which is occupied at A. If, for 
instance, at A, the bearing of A B was 81^ east of north, by doing as directed the theodolite is 
similarly placed at B, with the same vernier still pointing 31^ east of north, and it is the second 
vernier, lying diametrically opposite, which now points towards A, and reading on the limb 
81° -H 18(r = 211°. Release the upper or vemie^ plate, and turn the telescope round to bear on C ; 
damp the instrument; read both verniers to get the mean of the bearing BG, which is here 
96° 6 ; now move the theodolite to C. release the horizontal limb, turn the instrument bodily round 
to B, clamp and release the vernier-plate, turn the telescope round to D, and clamp. By reeding the 
angle the bearing of G D is obtamed, which here is 80° 5' ; proceed in the same manner at 
D, E . . . M, O, at which station, wiien the back-sight is fixed on M, and the telescope reversed 
towards A, the verniers should give exactly the same angle as was read off nt A, with the telescope 
bearing on O ; and tliis because O A marks the same an^es with tiie meridian N' S" that A O does 
with the magnetic meridian N 8. If it be so, then the aneles have been correctly taken ; if other- 
wise, then tiieir difference is the error committed. Besides ttiking at A the bearings of A O and 
A B, those of A <7, A H, A P, and A £ have be<m also taken. The bearing of A a was taken in 
order to get in the bit of road beyond the bridge, and to show the position of such road in con- 
nectim with the lands surveyed ; and alsn in case the survey has to be extended in that disortiun, 
as then ttie instrument would be planted at station a, and the back-sight fixed on A, in the 
same- manner as directions have just been given for doin^ at B, G, D. With regard to the 
bearings of A H and A E, they are taken here only as checks on the work as it proceeds, for it 
will be observed that B A makes vdth the meridian N" 8" at E the same angle west, that A E 
at A makes east with N 8. These observations have equal weight with regard to the beariuKS 
A H and H A. The points H nnd £ have been selected at the other end of the survey, and 
of which full view could be had from A ; otherwise any olher points, as F, G, or I, would have been 
taken if convenient. As regards the various bearings on P, let U be observed that these are clieoks, 
for if there is any error, these bearings will not intersect at P, when the work is plotted and the 
bearinn AP, E JP, G P, are laid off with the protractor. It is necessary that they be taken on 
some object in a commanding situation, such as may be seen at least at several points. Judgment 
is rrnjuired in selecting such points, as they may often be very useful to chain upon in order to fill 
in interior work, as fences and buildings. On an extensive traverse this should particularly be 
kept in sight, as it prevents the necessity of having again recourse to the instrument when filling 
in. It is to be observed that in Fig. 7116 the stations in the road are all shown aa in the centre of 
it; but this has merely been done to avoid confusion, and not to be followed aa a rule. On the 
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oontnrj, it iB to oe avoiaed, inasmuch as all these stations require to be carefally marked, either hf 
driving a picket or nmking Home other mark, which is often very awkward to do in the centre m 
a road. The stations should therefore be placed somewhere near the road-side, but so that the 
theodolite can be readily set up. The traverse being thus set out, the sides are chained and the 
offsets taken in the usual manner. With regard to the magnetic needle, care is required lest it 19 
affected by any local attraction ; but by following the above method there will be opportunity to 
observe this at each succeeding station, as the back angles with the meridian are equal to the 
forward angles. 

There is a considerable advantage in taking from the starting point A such bearings as AH 
and A E, for it subdivides the larger polygon into smaller ones, as in Fig. 7116, where the figure 
AB, B C . . . O A is subdivided by the above bearings into the smaller polygons A £(, BG . . . 
E A, and A B, B G . . . HA; we are thus enabled to check the work as it proceeds ; for in the 
same manner the three angles of a triangle are equal to two right angles, and the four angles of a 
foar-sided figure are equnl to four right angles ; 
BO all the interior angles of a polygon arQ equal 
to twice as many right angles, minus four, as 
the figure has sides. The proof of this may 
be seen in Figs. 7117, 7118. In the first, let 
the polygon a 6, 6c ... Ao, be divided Into 
triangles, by drawing lines from each angle 
of the polygon to any point in the interior of 
the figure; then because the three angles of 
a triangle are equal to two right angles, we 
shall have twice as many right angles as the 
figure has sides, for there is a triangle for 
every side, and all the angles formed by the 
lines intersecting are together equal to four 
right angles ; subtracting these, we shall have 
for remainder twice as many right angles, less 
four, as the figure has sides. 

In Fig. 7118 from any point a in the polygon draw lines to each of the remaining angles, ttaae^ 
ad. The polygon will thus be divided into as many triangles as the figure has sides, minus two, 
for there is only one triangle for each of the two sides a 6, 6 c, and a 1, i k ; and one triangle for each 
of the remaining. In any cases therefore, multiplying 180° by the number of sides of tiie polygon, 
minus two, will give the interior nngles of the polygon. Thus in Fig. 7116, where the polygon has 
thirteen sides, all the interior angles will be equal to 180° x 11, or to 90° x 26 = 360^. In the same 
manner the angles of the polygon A B, BG . . . E A = 180° x 3, because the figure has five sides ; 
and the angles of the polyglon A B, B G . . . H A = 180° x 6, the figure having eight sides. The 
rules often given to find the interior angles of the polygon lead rather to confusion than anything 
else. The simplest way is to carry a small semicircular protractor, about 3 in. in diameter in the 
pocket, and plot the bearings in the field-work, merely writing in the degrees and minutes inside the 
several angles ; or even to sketch in two lines, at right angles to each other, for the magnetic meridian 
and the east-west line, and sketch in the bearings as the work proceeds. Many surveyors sketch 
or roughly plot a traverse in a field-book, quarto size, but it is very inconvenient in wet, stormy 
weather, when time presses and the work must go on. 

Plotting and Plan Drawing, — In plotting a survey, or drawing the plan, a good deal of latitude is 

Sermitted to the draughtsman with respect to the manner in which he may fill in the details. The 
rst point to decide is whether the plan is to be coloured or not As a rule, plans should always 
be coloured, not merely for the sake of appearance, but for the purpose of displaying the character- 
istic features of the ground. It will be assumed in future that the plans for which we are about to 
indicate the proper methods of delineating their respective features will be coloured. 

The commonest and yet the most important objects represented in plans, are buildings, including 
ordinary dwelling-houses, churches, chapels, outhouses, and many others of a similar descrip- 
tion. Some of these have a particular outline, but they may be all filled in, as represented, in their 
different ways. It is frequently not of any importance to ascertain the exact shape or size of a 
house situated near to the main line of a survey, and all that is necessary is to determine its actual 
position. In this case it is represented by one of the two forms Figs. 7119, 7120, end it may be 
filled in according to one of three methods. Although the plan be coloured, yet a house or building 
may be what is termed hatched, or crossed over with lines drawn in Indian ink, as in the 
figure. If this method is employed, it should always be borne in mind that the lines should be 
drawn to a constant angle in every building delineated in the plan, or otherwise a most unpleasing 
effect will be produced by the want of uniformity. The angle may be either 60° or 45°. These 
are the most convenient angles to use, as the ordinary set squares are made to them. It is, never- 
theless, preferable to colour the buildings in a plan, and the oonventional colour \b carmine. 



fll9. 




7120. 



7131. 





7122. 




Buildings may also be coloured with a flat wash of Indian ink, but, strictly speaking, this wash 
should be confined to the outhouses in connection with dwelling-houses, and indioat^ an inferior 
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defloripiion of struoture. TtuB distinotiofD la maintained in the coloured plans of the Ordnance 
maps, which are drawn to the enlarged scale ^^KitKn* ^^^ ^ ^^^ which ia of considerable import- 
ance in Buryeys of land where it is in contemplation to mn a line of railway or lay ont other large 
works. As a familiar example, take a farm-honse, with its adjoining bams and outhonses. The 
dwelling-honse itself is to be coloured carmine or lake, and the surrounding smaller erections in 
Indian ink. Cliurches and chapels .are represented in the same manner, but the former have the 
outline shown in Fig. 7121, and the latter that in Fig. 7122 . Windmills, water-mil is, forges, glass 
ond iron works, have also their characteristic conventional sign. Roads of various degrees of 
importance as routes of intercommunication are tinted burnt sienna, or, what answers better, a 
mixture of that colour and yellow ochre. A bright yellow, such as gamboge or Kind's yellow, 
should never be employed. It should be carefully borne in mind that a plan should never be 
coloured, but tintea. In delineatiag roads they may be divided into two classes — ^fenced and 
uufenced roads. The former are represented by hard lines, and the latter by dotted ones. A 
turnpike-road is shown in Fig. 7123, a cross or second-rate road in Fig. 7124, and a railroad in 
Fig. 7125. Sometimes a railroad is shown by a single thick black line, and it is always thus 
represented in the parliamentary and contract plans of any proposed line. On the Ordnance 
map it is shown as indicated in Fig. 7125, and it is preferable so to delineate it, as a thick black 
line is not in itself sutliciently distinctive. There is one more distinction which it is necessary to 
observe in the cose of roads, and that is, when they are raised over or sunk under the natural sur- 
face of the ground, in other words, when they are embanked, and when they are excavated. A 
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Elan and transverse section of both are shown 
1 Fig. 7126*, which need no further desorlp- uw*. 

tion. It is scarcely necessary to make any ^.-iitfiBfflffiliyilfflH 

remark respecting rivers, lakes, streams, ponds, ^m mmm m Mm ^^ . 

and other examples of pieces of water, as blue 

is their proper tint, witn a stronger shade near 

the banks. Instead of using a wash, the same 

e£fect may be produced by lines drawn with 

Prussian blue, but for tne reasons already 

given the tinting is to be preferred. A portion ^^.^tmKIIHIISinBIStlft^ 
of a canal or river rendered navigable, where — ■wwTOBwwiwmrauroiwi**.. 

a lock is placed, is represented in Fig. 7126. '^^^aa/\l^ggillljmmmmmmi*^ • t: 

When it will not interfere with the other 

lettering upon a plan, it is always as well to 

write the word look alongside its representation, as it is thus indicated to those who are not profea- 

sional men, and may not be acquainted with conventional signs. 

It is undeniable that to a professional eye at least a good plan is self-explanatory. If all the 
objects are properly and aocuratelv delineated, the conventional tints strictly adhered to, and a cor- 
rectly divided scale appended, nothing more is required to enable an engineer or an architect to lay 
it before him, and comprehend the whole of it at a glance. Accuracy and clearness are the two 
essential points to be borne in mind in the prepeuration, not merelv of plans, but of drawings of any 
description whatever. It is of the greatest importance to define with all possible precision the various 
kinds of boundsjies or lines of demarcation existing between different portions of land and territory. 
Tiiere are a very large number of boundaries and a corresponding number of conventional signs for 
individually representing them. For instance, there are parish boundaries, county, union, hundreds, 
ward;), boroughs, liberties, and some others which are pretty nearly extinct at the present day. 

The two boundaries most commoiJy occurring on plans are those of parishes and counties. They 
are represented respectively in Figs. 7127,7128, and consist simply of a succession of short straight 
lines separated bv spaces. It ia easy to perceive that if 

carelessly executed, they might readily be nnstaken for each ^'^t. 7128. 

othtr, and it is not an unusual circumstance for such to be ——----—• •— — ••——• — 

the case. To avoid the occurrence of this it is only neces- ,, •••••••• 

sary to bear in mind that the lines delineating the parish 

boundary are smaller and thinner than those representing •^♦■■■■w ■■■■■— i—**^* 

that of a county ; and, what is of still greater importance, n». 

they are equal in length to the spaces oetween them. In 

addition to properly delineating these boundaries, it is advisable to write alongside them their 
names, but this should only be done once, on some convenient part of the map or plan. Borouglis 
are usually divided into two separate clasfes, under the heaos of parliamentary and municipal 
boroughs. The former has its limits defined by small circles, Fig. 7127, and the latter by black dots. 
Fig. 7128. It sometimes happens that the same limits may be the boundaries of several different 
descriptions of prriperties. Thus a fence, for iuMance. micrbt bo the Iwimdary of a parish, a parlia- 
mentary, and a municipal borough. In such a case the delineation of it would oonsist of a joint- 
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representatiom of all three, as Bhown in Fig. 7129. 80 alfio for a combination of any other 
boondaries which are plotted after a similar ^shion. 

Unless otherwise stated on the plan, a hard line denotes a fenoe or a boundary between the two 
portions of land upon eaoh side of it. Ordinary fences are represented by a hard line, and when of 
stone, a distinction may be made by drawiug the latter in red. Borne judgment must be exercised 
in using this colour for the purpose. If the plan has other red lines upon it showing proposed 
alterations of the existing features of the ground, such as alterations of the course of riyers, or of 
the direction of roads, which are always represented by red lines, it will be better to draw tfaie stone 
fences in black, and thus ayoid all chance of confusion. In Fig. 7130, suppose A B D to represent 
the existing course of a riyer which it is intended to alter and improye by getting rid of the two 
elbows in it This would be effected by making the new out E F G H shown by the dotted linea. 
On the plan these dotted lines would be drawn in red, and sometimes the portion of ground 
Include-I within them is coloured with a light wash of the a»me tint Occasionally the lines are 
simply dotted, as in Fig. 7130, bat it is preferable to draw them in led, as the distinction between the 
existing features of the ground and those 
resulting from the proposed alteration is at 
once apparent. The manner in which exist- 
ing worics wiU be affected by those proposed 
to be executed cannot be shown too clearly 
on the plan. The usual method of indicating 
the crossing of a road or stream by a bridge, 
is to draw a oouple of hard lines across them, 
and leaye the space between them which 
equals the width of the bridge, uncoloured. 
At the same time, each bridge, according to 
its type of construction and the material of 
which it is built, has its proper oonyentional 
delineation. Stone and tirnber bridges are 
drawn nearly alike; the former being di»- 
tinguished by baing drawn in red lines, or, 
if the scale of the plan admit of it, the walls 
may be lightly tinted of the same colour. A 
wooden bridge is also distinguished from a stone as well as firom an iron one, by haying lines drawn 
closely together across its width to represent planking. The correct manner of plotting an iron bridge 
is giyen in Fig. 7131 to the left. A suspennon bridge is shown to the right of the same figure, the 
distinguishing oharacteristics, namely tne suspension chains, are too clearly defiued to allow of 
any room for doubt respecting the individuality of the structure. A drawbridge is shown in the 
centre of Fig. 7131. 

Enlarging and Seducing Plans, — Of the seyeral methods by which these operations can be effected, 
that of squares is the most accurate. This consists in coyering the original drawing with a complete 
network of squares, and the copy with a similar network, haying the sides proportioned so as to 
suit the different sizes of the -two drawings. Proportional compasses are also used for the same pur- 
pose, and so are the Pantograph and £idograph. Enlarging a plan is a more difficult operation tnan 

the reduction of one. The large plans of the Ordnance Suryey drawn on a scale of -^^ were reduced 

iSOOU 

to the scale of 6 in. to a mile by photography. The details of the plans so reduced are after- 
wards traced on copper plates on which the stations haye been preyiously plotted by the lengths of 
the sides of the triangles. The only method of reproducing any plan or section with complete 
fidelity is, to plot it oyer again upon the scale which is required. 

Levelling, — Suryeying may be r^farded as the horizontal, and leyelling as the yertical measure- 
ment of g^und, and, in the majority of instances, they are closely connected together. Equally 
important as the horizontal delineation of the ground is its correct yertiotl representation. L/eyel- 
ling may therefore be regarded as tliat art by which we arriye at an exact knowledge of the 
superficial configuration of the earth aboye and below any fixed datum. Thus, for example, if the 
datum assumed is Trinity high-water mark, the height of any point aboye, or the depth toIow it, is 
u«iually recorded in feet, and decimals of a foot. This is shown in Fig. 7132, where L L represents 
the line of high-water mark, and the heights of the several points A B G D are marked in feet, and 
decimals of a foot. Upon the whole, the best instrument for an engineer or surveyor is the Dumpy, 
or Gravatf s level. The simplest case of levelling that can possibly occur, is that in which it is 
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r(>quirdd to ascertain the difference of level between any two points which can 
shifting the instrument Supposing the two points to be sufficiently near to 
powers of the telescope, the possibility of ascerteining their difference of level 
the instrument will altogether depend upon the amonnt of that difference, 
this clear. Let it be required to determine the difference of level between 



both be seen without 
be within ^e optical 
hyr one setting up of 
Fig 7133 will render 
the points M and N. 
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Bet up the fnatnimeiit at A, and take a reading on the staif at B, which pnt eqnal to 2 * 10 ft. Now. 
if the distance of N firran M be not greater than what can be seen by the telescope^ tnm the level 
Toond on its axis, and take a reading on the staff at 0, which make eanal.to 5*85. Bearing in 
mind that both B C and M F are horizontal lines, it is evident that the difference of level between 
the two points M end N is eqnal to the height FN. But F N = O N - O F and C F = B M. 
Consequently. F N = C N - B M. But by tlie readings N = 5*35 and B M = 2* 10 ; therefore 
FN or the difference of level between the two points M and N = 5*85 - 2*10 = 3-25 ft. 

It is easy to perceive that when the instrument is once set up and adjusted for levelling, its range 
of action in that one position is limited. For instance, referring to the diagram with the inbtnunent 
planted or. set up at A, it cannot read a staff placed on any point of ground above the dotted line 
X) K. If it were therefore required to ascertain the difference between the points M and E, it could 
not be done with the instrument placed at A. The instrument would either have to be shifted 
between the points N and E, after taking the first reading at B and C,«or plaoed upon some higher 
ground, which would enable readings to be taken directly upon the staff placed first at one point and 
then at the other. This will be more fully explained when we treat of i^Bcertaining the difference 
of level between sevenJ points, or what is usually termed making a section. The readings are classed 
under one or other of two titles. Tliey are either back-sights or fore-sights. They have not necessarily 
any reference to the direction in which the section is taken, but the l«uk-8ight is always taken before 
the fore-sight. In bome instances, where intermediate sights are taken, each fore-sight becomes a 
back-sight to the next fore-sight, as will be explained in its proper place. In the diagram, B M is tho 
back-sight, and C M the fore-sight, and from them tlie following universal rule is deduced. When 
the fore-sight or the sum of the fore-sights exceeds the back-sight or the sum of the back-sights, there 
is a fall fix>m the first point to the last, and when the contrary occurs, there is a rise between the 
same points. In this instance, C N is greater than B M, and consequently there is a fall, or the 
point N is lower than tlie point M. The maximum difference of level, either rise or fall, that can 
be observed at one setting up of the instrument cannot exceed the total length of the staff. Let us 
suppose in Fig. 7134 that the reading taken at A is exactly at the zero of the staff, and that the 
reaoing at D is exactly at the top line of the ^^^ 

graduations of the sta^ then the difference of 
level between A G equals the precise length of 
the staff. If the point C be situated lower down, 
it is evident that the top of the staff would drop ' 
below the dotted line, and no reading could be 
obeerved. It is barely within the limits of pos- 
sibility that, in practice, two readings woula be 
obtained of which the one would equied zero, and 
the other the exact length of the staff, but the 
illustration is given to show the maximum difference of level that it is just possible to ascertain 
without e^ifting the instrument. Besides this, it points out that the setting up of the level is not a 
matter of hazard oi* mere chance, but should he regulated according to the position of the points of 
which the level is required. The more experienced and skilful a surveyor is in selecting the spot 
where to plant his instrument, the more rapidly will he get over the ground. By setting up the 
instrument in the most favourable spots he obtiuns a grea&r range of the staff, and thus diminiBhes 
the number of times of planting the level which would otherwise be necessary. Nor is this all. 
The chances of errors creeping in are in direct proportion to the number of times the level is shifted 
between any two points, so that by reducing this number to a minimum, the chances of error are 
also minimized. 

It has been assumed in the three diagrams to which we have drawn attention that the dotted 
lines were horizontal, and so they will be when the instrument is correctly adjusted. The correct 
horizontal of the dotted line A D in Fig. 7134, or the similar ones in the other two diagrams, 
depends, other things being equal, upon the correct adjustment of the line of coUimation. See 

StRVBYINO INSTBUHBNTS. 

Having briefly described the simplest oase that can occur in levelling, which consists of taking 
merely a couple of readings of the staff, we once more pass on to the general case. This includes 
Uie ascertaining of the d^flference of level between any number of points. These relative heights 
may or may not be referred to any one common point as a datum. As a rule, they are so referred, 
although it is not absolutely neoeasary, either for accurate luvelling or accurate plotting. Supposing 
therefore all the points which indicate the respective levels of the diffeient parts of the ground to 
be joined by lines, the result is a section, or a representation of the vertical inequalities of the 
ground. In the section relating to surveying, regarded in connection with the horizontal delineation 
of land, attention was directed to the fact tliat the field-book might be kept in one or two different 
ways. So it is with levelling. The level-book, as it is now termed, may be also kept, and is kept 
in a slightly different manner. lliUtary engineers, moreover, keep their level-books on a qrstem 
differing somewhat from that of civil engineers. There is no actual difference, so far as principle is 
concerned, in any of the methods employed, but, nevertlieless, when a level-book, reduce^ according 
to one svstem, is put into the hands of a person aocustoroed only to another, he finds some difficulty 
in dedpnering it and plotting a section ttom it. 

One paffe of the level-book is usually occupied with the columns, and the other reserved for 
remarks and sooh memoranda as it may be necessary to note during the taking of the levels in th i 
field. Sometimes the disposition of the columns is altered. Thus, for instance, the columns of rise 
and fall are in some books put between those of bade and fore sights, but this is a point of no 
importanoe whatever, as it is easy to fall in with the arrangement of the columns, and reduce the 
book with equal fadlity after a little practice, in whatever manner the relative columns m^yhe 
disposed. Let ns now examine a little into the field book or level-book fn^en in oar example. The 
datum to which the levels are reduced is assumed to be equal to 100*00, a very ordinary and 
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oonyenlent assumption. The reason of adopting that figure will bo explained as we proceed. It is 
supposed therefore that the first reading is taken on the heel-poat of a gate, which is termed a 
benoh-mark, and usually denoted by the letters B. M. This is entered in the column of baokHnghts 
as 11-56. At a distance of 100 ft. from the B. M. another reading is taken upon the staff; and 
entered in the oolumn of fore-sights as 4*69. Let it be supposed now tiiat it is required to moye or 
shift the instrument beyond the distance of 100 ft., so as to get fresh back-sight upon the staff at 
the same place where a forendght was previously taken. The important point now is to be sure 
that the stafi'-man, in turning the back of the staff round, does not alter its position with respect to 
the spot it is held on. Inattention to this particular will completely vitiate the whole section, and 
render accurate results impossible. Returning to the field-book, the next back-sight will be entex^d 
as 6*40, the next fore-sight as 10 '72, and so on until the section Is finished. The distances are 
entered in their proper column, opposite the places where the corresponding readings of the staff 
are taken. 

The simplest description of level-book, or that in which the minimum number of columns is 
required, is represented in the annexed form in Table II. ; — 

Tabls II. 



fiack.«ight. 


Fure-8igbt. 


Rise. 


Fall. 


Reduced 
LeveL 


Diitances. 


Remazto. 


11-56 


• ■ 


« • 


• • 


100-00 





B. M. on heel-post of gata 


m m 


4*69 


6*87 


• • 


106*87 


100 




6-40 


10*72 


■ ■ 


4-82 


102*55 


200 




315 


719 


• • 


404 


98*50 


800 


In front of house. 


7-25 


2*40 


4*85 


• m 


103*36 


400 




810 


516 


2*94 


m m 


106*80 


500 




7-03 


5*23 


1*80 


• • 


108* 10 


560 


• 


11-44 


2*91 


8*53 


m • 


116*63 


600 




5*11 


13*24 


• • 


8*13 


108*50 


645 


On coping of wall of chapel. 


8-19 


4*65 


8*54 


V • 


112*04 


700 




7-81 


11*12 


* . 


3*31 


108*73 


780 




0-60 


9*48 


• • 


8*88 


99*85 


800 




5-64 


708 


• • 


1*44 


98*41 


900 


On edge of stream. 


12*70 


8*33 


9-37 


• • 


107*78 


1000 




4-15 


9-80 


• ■ 


5*65 


102*13 


1100 




99 13 


97 00 


37*90 


35*77 


2* 13 


9700 




35*77 




* 






2-13 


2-13 



Seduction of Levels. — ^Having entered all the readings, and finished what is called the field-work, 
the next step is the reduction of the book, or the arithmetical checking of the operation. This 
check must not be confounded with that which is known as checking the levels, which will be 
referred to in its place. The first thing to be done is to subtract the lesser readings from the 

£ eater, and enter the results in the respective columns of rise and fall, remembering that when 
e fore-sight is greater than the back-si^ht, there is a fall, and a rise in the reverse case. This 
being accomplished, the whole columns of back and fore sights should be added up, and the lesser 
subtracted from the greater, the difference being entered as shown in the example we have selected. 
Now let the columns of the rise and fall be treated in a similar manner, and if the arithmetic be 
correctly performed, the difference will be exactly equal to that already obtained in the former 
columns. It is just possible that there might be a compensating error of the same amount 
introduced in these two processes, which would consequently not be apparent, and thus the check 
would be invalid. A third column is therefore required, which would render this balancing error 
apparent. Tiiis is found under the head of reduced levels. By adding to the datum the sucoea- 
sive rises and subtracting the falls, the differences between the last reduced level and that datum 
should equal the difference already obtained, ^^hen the three operations check, it may be relied 
upon that the arithmetic is correct, and the book re duced accurately. It must be borne in mind that 
all this must be done before any of the section is plotted, or otherwise it would have to be drawn 
over again if any errors were detected. In some level-books there is a column for intermediate 
sights, but it will be seen presently that it is not necessary. An intermediate sight is one taken 
in the first instance after a back-sight, and is in fact a fore-sight, but it differs from a fore-sight, 
properly so called, inasmuch as the instrument is not shifted, and no second reading is taken at the 
same place, to serve as a back-sight for the next forward reading. 

It has been mentioned tliat intermediate sights might be regarded in the light of fore-sightf>, 
provided they were treated as back-sights for the next reading. In the terms fore-sight and 
Sack-sight, it must be borne in mind that they have not necessarily any connection with the 
position of the teleccope at the time of reading them. To some extent they are, in this respect, a 
misDomer, and are only strictly correct when one sight is taken on one side of the instrument, and 
the other with the telescope reversed on its bearings. The field-book employed when a column is 

fiven to the int^mediate readings is reduced in the same manner as that described for the other form. 
Q Fig. 7185 suppose the ^trument be set up as represented in the diagram, and a readingtaken 




SXTEVEYINQ. 2969 

off the staff at A, and entered as 13*20 in the oolumn of back-sights. If another reading be taken at 
B, and the instrument be not shifted until after another reading has also been taken at C« then tbe 
reading at B is an intermediate sight, and is entered in the proper column as 5 ' 40. The reading at 
C is the fore-eight proper, and is entered in its proper 
column as 8 '20. An intermediate sight is tl)erefore, 
as in fact its name implies, a reading taken snTwhere 
between the readings of the back and fore signt It 
follows, as a corollary from the aboYC, that when the 
instrument is set up, the first sight ^ken can never 
be an intermediate, nor can it ever be the last reading 
before the shifting of the instrument. A glance at 
tlie diag^m will indicate that the position of the staff 
with respect to the instrument, has nothing whatever 
to do with the character of the reading taken on it. 

Thus it is evident that, speaking generally, any number of readings mleht be taken between the 
point A and the point D, woere the instrument is placed. All these would be intermediate sights, and 
entered in the level-book accordingly. The envies in the level-book have therefore no connection 
with the actual positions of the staff and instrument at the time the sights were taken. It is true 
that in order to plot the section, the distances at which the siglits are taken are noted, but this gives 
merely the total distance from a starting point, and, by subtraction, that between any two sights. 
What is to be observed is, that there is no clue to the exact position of the instrument to be deduced 
from the level-book. There is, however, an approximate clue readily obtainable by inspection. For 
instance, on referring to the cony of the field-book, it will be seen that after the fore-sight 8 '20 was 
entered there is a new back-signt of 4 ' 30. The position of the staff at the former reading was 100 ft. 
from the starting point. The position of it at the reading of the next fore-sipht is 6 '50, and its 
distance 200. Consequents, as the level was shifted after reading 8*20, it must have been set up 
somewhere between 100 and 200 ft. from the starting point The reading 10 '70 of the intermediate 
sight is of no use in determining the position of the instrument, for although its distance is entered as 
1.50, yet the level might have been set up at 130 or 170 without affecting the character of the sight 
Beferring to Fig. 7135, the reading 10*70 might have been taken between the points A and D, or D 
andC. 

There are various other descriptions of level-books used, but we shall only mention one more. It 
is very similar to that already given, only it has a separate column for the height of instrument 
Sometimes this column is substituted for that of intermediate. Those who are practical levellers 
are aware that it is impossible to get a sight very dose to the instrument by looking in the 
ordinary manner through the telescope. When the object becomes situated very close to the object- : 
glass, the focus cannot be adjusted for distinct vision. Under these circumstances the usual plan is 
to run the eye along the outside of the telescope, and note the reading accordingly. When the staff 
can be seen through the telescope, although not sufficiently clear to distinguish the figures or marks 
on it, a reading may be obtained by causing the staff-man to run his finger up and down the staff 
until it comes within the lange of the cross wires, when the reading can be afterwards ascerteined by 
the ni^ed eye. Let us now examine into the object of making a column in the field-book for 
recording the height of the instrument, and find out the advanteges of so doing. It is nothing? more 
than taking a reading at tbe point where the level \b set up. The height of the instrument is obteined 
by measuring accurately the neight of the centre of either the object or eye glass from the ground and 
entering it in the column. The distance of the instrument is also recorded, so that not only is there 
an additional reading obtained by this method, but the position of the instrument is also accurately 
determined. This latter detail is sometimes of importsiice in checking levels when mistakes have 
been made, and bench-marks are rather far apart. If it is known that the instrument was set up at 
such and such a spot, it is easy to tell by the eye that it would have been impossible to obtain 
certain readings of the staff placed at another known point. It may be here observed that if a level 
is suspected of being out of adjustment the errors that would arise in conse<juence, may be neutralized 
by placing the instrument exactly half-way between the back and fore sighte. In fact, wherever 
great accuracy is required, this precaution is invariably taken, although the instrument may be in 
perfect adjustment. One reason for pursuing this course is that it renders unnecessary the teking 
into account tbe questions of refraction and the infiuence of the sphericity of the earth upon the 
readings. In ordinary levelling these questions are disregarded, but it sometimes becomes necessary 
to take them into account The errors that if neglected, they would give rise to in levelling opera- 
tions, on a scale similar to that carried into execution by the officers of the Ordnance Department in 
the great trigonomi-trical survey of the kingdom, dwindle down into insigpiificance when the object 
in view is simply the laying out of the route of a railway or canal. 8o far as these errors and their 
causes are concerned, the climate and the condition of the atmosphere possess considerable influence. 
Anyone who has levelled on a very hot day, with a bright blaring sun shining, must have noticed 
the peculiar appiarance the readings sometimes assume, and how difficult it is to adjust the focus of 
the eye-piece so as to be sure to have no parallax at different distances. That it is by no moans 
an uncommon affair for even experienced professional men to be out in their levels under certrdn 
circumstances, is demonstrated by the Suez Canal. The levels of the two seas which it now unites 
were ascertained by several parties of engineers, who all disagreed in their reports. Some main- 
tained that the difference of level was very considerable — so considerable as to be fatal to tlie union 
of the waten, while others said the difference was inappreciable, which has dnoe proved to be the 
case. 

Correction for Curvature. --The two errors incidental to levelling are those arising fVom the 
eorvature or sphericity of the surface of the earth, and from the peculiar nature of the medium or 
atmosphere by which it is surrounded. The error resulting from the curvature of the surface 
of the earth arises from the fact that horizontel lines are not level lines. A strictly level line is 
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one ia which all the points are equtdiBtant from the centre of tbe earth. From this definition it 

will be at once perceived that a horizontal line cannot oe a level line, since the point at which it U 

a tangent to the earth's surface must be nearer to the centre of tde earth than 

any other point in its direction. So mnoh is readily comprehensible, but for 7i36. 

the illustration and proof of the error we must refer to Fig. 7136. In the ^ 

diagram let B D be any portion of the surface of the earth, A D a horizontal 

line representing the line of sight of the telescope of the level, and tangential 

to tbe surface of the earth at D, and G the centre of the earth. The points D 

and B are clearly on the same level, whereas B and A are not. But A appears 

to be the level of tbe point B, as seen by the observer at D. Consequently the 

difference between the true and apparent level of the point B is tlie distance A B. 

This distance is therefore, the measure of the error due to tbe sphericity of the 

earth's surface, commonly called the error due to curvature. It is also called 

the correction for curvature. 

It remains to calculate mathematically the value of A B, which is an unknown Quantity, in 
terms of those which are known. By the proposition, A D is the distance, or length of the sights 
practically equal to the are B D and the chora B D ; G B and G D are radii of the earth. From 
the 47th prop, of the first book of Euclid we have AC* = AD» + OD*. ButAG =(AB-f-BC), 
consequently (A B + B C)« = AD« + DC». But BC=DC; tberefore(AB + DC)* = AD«+ DC*. 
Expanding, we obtain (A B« + 2 (A B x D G) + D C«) = A D« + D C, and equating, the formula 
becomes AB' + 2ABxDC = AD'. The value of A B by this equation would be represented 

by A B' + A B = •= — =r^ , which is a quadratic equation of the form it' + a jp = - . Tbe 

formula is, however, very much simplified by making an assumption very oonmion in mathematical 
demonstrations. A glance at the diagram will point out that A B must always be relatively very 
small compared with the radius of the earth B G. The square of A B will be still smaller, and it 

AD* 

may therefore be neglected in the calculation, and the equation becomes AB = - — =^j=' Or 

Z yi D yj 

AD* 

putting D for the diameter of the earth, A B = ^ — =l . Beanng in mind that the denominator of 

the friction is a OQUfltaat, the correction for curvature is proportional to the square of the 
distance, a law which is applicable to numerous other instances besides that under consideration. 
A simple rule for the difirarenoe of level is that the correction for the curvature in feet is 
equal to two-thirds of the square of the distance in miles. This rule is readily deduced from 

A D* 

the formula A B = ^ — =r , for expressing both the numerator and denominator in feet, and taking 

5280 
A D equal to one mile, A B = «^ = nearly |. 

Corredion for Refraction. — The next cause of error will now be investigated. It will be seen 
hereafter that as they tend in some degree to neutralize each other's effects, tiiey will have to be 
combined in the total amount of correction to be applied, but for the present, for the sake of sim- 
plicity, each will be treated of separately. This second cause of error is known as that of refraction, 
and is due to liie varying density of the atmosphere surrounding the earth. By the laws of optics 
a ray of light passing from one medium into another of a different specific gravity or density, is bent 
or refracted in one or another direction, according as the density of the medium into which it enters 
is greater or less than that which it has left. Consequently a ray of light passing from a higher 
to a lower level will be refracted in a curve concave to the surface of the earth, since it passes from 
a rarer into a denser stratum, the density of tlie atmospheric strata increasing towards the earth's 
surfSace. But according also to optical laws, an object is seen in the same direction as that in which 
the rays of light strike on the retina, and therefore the line of vision will be a tangent to the curve 
of refraction, and an apparent displacement of the exact level or height of the object will be the 
result As this tangent or visual line will be above tbe curve, the effect of refraction is to raise the 
object above its true level, and its connection will therefore be of an opposite character to that for 
refraction. This will be seen from Fig. 7137, where A G, represent- ^jg^ 

ing the correction for curvature, equals A B in Fig. 7136, and A B 
equals that for refraction. Galling tlie former negative and the lal ter 
positive, the total correction equals AB — AC = BC. Owing to 
the uncertain conditions attending tbe atmosphere, the error due to 
refraction is not capable of being so accurately determined as that 
due to the sphericity of the earth, and cannot be expressed by any 
recognized formula. It may, however, be fairly considered to have an average value of about one- 
sixth of the former error, and from this assumption a formula for its value may be found. The 

2D* 

correction for curvature in feet has, in fact, been found to be equal — ^— i to calling D the distance in 

o 

D* 
miles. That for refraction is equal to D' (^ x ^) = -^ , But since the former is negative and 

the latter positive, or, for the sake of simplicity and to avoid a negative result, these signs may be 
reversed. The total correction represented by B C in Fig. 7137 wUl be equal to the dliferenoe of 
these two fractious. Putting C to represent the total correction for both curvature and refraction, 

we obtain C = D* (| - i) = -^ = 055 D*. 

The following is therefore the simple rule for ascertaining the total oorrection for both causes of 
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error ; " Square the dittanoe in milee, multiply the result by 0*55, and the product will be the 
to'al oorreotion in feet and dedmals of a foot. 

It has been stated that whenever practicable it is advisable to set up the instrument as nearly 
as possible midway between the back and fore sights. By adopting this precaution t)i« errors due to 
curvature and refraction axe annihilated, since the sum of them will be the same, but the oombined 
effects will neutraUze each other. 

Boning. — Boning is a rough description of levelling, which is often performed by foremen or 
gangers in road and railway making. An experienced man, if given a couple of levels at the com- 
mencement and tennination of a given nadient, will bone the intermediate levels with very great 
accuracy. Boning is performed with ooning rods, which exactly resemble T squares, in the 
following manner ; — 

Let A and B, Fig. 7138, be two stakes driven 
to a certain depth, and according to a given in- 
clination ; if on . both of these stakes boning 
rods, of exactly equal lengths, be held perfectly 
upright, these will be parallel to the incline, 
and if a third rod be carried along the intended 
elope, the top of it will be in a line with the top 
of the other two, if the incline be correct ; if it 
is above, there will be more to cut away ; and 
if it is below, the excavation will have been 
made too deep ; this method is certainly but approximate, quite sufficient to guide the excavators 
for a time. 

Contours and HiU Shading. — ^When the ground is horisontal, the signs which we have given are 
quite sufficient to represent the country by the outline and relative position of every object ; but 
when the ground is no longer level, new signs become indispensable to complete the plan, so as to 
make it convey exact ideas of the hills, valleys, ravines, and other undulations of the surface. 
A plan should therefore fulfil these two conditions ; first, represent the ground so as to enable us to 
ascertain the lelaUve heiglit of the different points, and to judge of the nature of the slopes ; 
second, give a figure of tlie ground that will immediately afford an idea of its character. The first 
condition requires geometrical methods, whilst the second can only be obtained by oombinations of 
shades. The geometrical method consists in sopposiDg the ground interstded by horizontal planes ; 
the projections of these intersections, or horizontal contours, are then transferred to the drawing at their 
reduced size. Procure a stone somewhat resembling a hill, as may frequently be found ; fix it with 
olay to the bottom of a box provided with a plug-hole, and sufficiently large to leave a space free 
between the stone and its case. Fill the box with water stained with Indian ink, and let it off^ by 
means of the plug, about a quarter of an inch in depth, at several times, allowing sufficient intervals 
for the fluid to stain the stone in that plane, 4, 3, 2, 1, it has fallen to at the last abstraction. 
These stains will present a series of horizontal lines or contours, 4, 8, 2, 1, all round the surface of 
the stone, as shown in Fig. 7139 ; and if we examine the stone thus prepared, looking down upon 
the top, we shall see that the steepness and the flexures of its sides will oe accurately marked by 
these contours, which might be said to form a scale of relative steepness. 
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The level of the water oonstitutes a horizontalplane^ therefore those contnurs are the inter- 
sections of the stone by parallel horizontal planes, what is said of a stone may be said of a hill, or 
of any surface, and those horizontal oontours will give us a geometrical representation of the 
ground. But if we suppose the horizontal planes of section to be equidistant, we can at once, 
being given the altituae of one point and the equidistance, find the altitude of another point 
The Inclination of the slopes may also be found by dividing this equidistance by the perpendiculu', 
common to two consecutive contours. A. profile of the ground in any direction can also be obtnmed ; 
the section 




carrying on 

those points , ... . « 

connect the extremities of those perpendioulfurs figure the section. Elevations may also be drawn 

by the usual method of geometry. 
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By diminishing the ec^uidiatanoe, the deaoription of the undulations can become Tery aoonrate 
and almost exact. It will therefore vary witn the scale of the plan, and the nature of the 
country surveyed ; and the larger the scale, the smaller the equidistance. In the Irish snnrey 
of 6 in. to the mile, it was 50 ft. for cultivated parts, and 100 ft. for mountainous and bazren 
districts. In France, as a rule^ the ratio between the equidistance and the denominator of the 

scale is constant, and = -^zr^ • a great advantage is therefore gained, since at whatever scale a 

plan is made, the same inclination will always be represented by contours equally distant. At the 

scale .-777^777: , the sections are thus 5 metres apart ; at kkfJuI • ^^ metres, and so on. In exceptional 

cases only is this ratio altered. Thus, for the most level plains of Champagne, the Ordnance Survey 

adopted the ratio of j^ , giving an equidistance of 5 metres, at the scale Sqqqq • 

This method of representing the ground answers the first condition which a plan should fulfil, 
and is now ailopted everywhere for engineering purposes. The second condition, as we stated, cim 
only be obtained by combinations of shade ; and if the conventions we adopt in order to gain this 
object are made to depend upon the principle of the horizontal contours, we shall obtain the very 
important result of combining accuracy with expression. This effect of i^ade might be produced by 
adapting the equidistance to the scale and to the nature of the ground, so as to have contours clocia 
enough to give a shading. If, on the other hand, we insert a sufficient number of lines between a 
few ctutours determined by levelling, the ground is not^taithfiilly represented ; the surface between 
two such contours has not always a uniform slope, and the space between two contours of the 
drawing would be a mean surface either enveloping or intersecting the real one. The execution 
wouM be tedious and difficult Hence methods have been devised, some having regard to expreo- 
sion only, others combining expression with accuracy. We may classify them under three heads, 
the French system, the German system, and the Englifli system. In the French svstem the 
hachures are traced perpendicular to the contours, so that the equidistance compared with the 
lengtli of these hachures will at once give the ratio of the slope. The original contours must 
therefore be preserved on the plan, and the proper effect of light and shade is produced as follows ; — 
M N, M' N', Fig. 7142, being the contours given, the hachures ab^cd are drawn at a distance, 
ac = a 6 ; tiie square they form is then divided into two equal parts b^ a* b\ and the rectangles 
a h\ a' d arising tnerefrom are again divided into twa 
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By this process the hachures are at a distance from each other = } of their length, and in the 

Eractice the etching is thus expeditiously done. Should not the contours be parallel. Fig. 7143, the 
achures are drawn so as to meet them at right angles. This, however, becomes difficult when 
the contours are far apart, and beginners will find it more easy to pencil intermediate contours in 
sufficient numbers to have them nearly parallel, and the hachures are afterwards kept at the proper 
interval. When the distance between the contours is very small, it becomes impossible to draw 
three hachures m the square ; they are then made thicker and kept at equal intervBls, as in Fij^. 
7144. The effect uf shade they produce will thus harmonize with those of lees rapid slop^. This 
should be done as fioon as the distance of the contours is less than about ^ of an inch, and the 
smaller this distance the thicker the etched lines should be. In order to preserve on the drawing 
the traces of the original contours, which are always useful to find altitudes, the hachures of a slice 
should not be the continuation of those above A, but should be made to correspond to the intervals 
of the slice imm«. diately above ; and to avoid the bad effect B produced by lighter spots, they should 
be exactly terminated at the contour C, Figs. 7139 to 7141. In order lo tsecure a uniformity 
of shade for all pLius, scales of thickness or diapasons have been adopted. In the diapason of 
the French Ordnance Map, Fig. 7145, the ratio of black to white is equal to the tangent of the 

sl«>pe multiplied by ^. For a slope of 45 degrees the proportion of black to white is thus 3 : 2. 

All slopes steeper than 45 degrees are represented as escarpments. The French system, we have 
said, combines accuracy with expression, but is not expeditious. It is the best for engraved maps. 
In the German system the hachures are also perpendicular to the normal contours, with or without 
mforence to their eouidistance. 

In the system of Lehmann, Fig. 7146, no regard is paid to the equidistance, and the slopes are 
measured by the angle they from with the horizon. The diapason of Lehmann gives, therafora, 
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the length and thickneas of the hachnrcs from 5 to 6 degrees ttp to 45 degrees. The latter dope, 
being impracticable to armies, he represents by absolute black. The ratio of black to white is 
equiu to the ratio of the angle of a slope to its supplement to 45 degrees. Thus, for the slope 
of 35 degrees, the thickness of the hachures is so regulated as to give a tint in which the black 
is to the white as 35 : 10, or 7 : 2. In this method the features of the ground are strongly marked, 
but the tints are too dark, and it is often difficult to read the small writing and see tlie details. 
In other (German diapasons the maximum of shade is taken for 60 degrees, but these methods 
requiring the measurement of every angle, are too Ions in practice. En<^lish systems are of two 
kinds : ue horizontal style and the vertical style, both of which had till lately only expression 
in view. The vertical style. Fig. 7147, has only been employed to obtain expression, and it is not 
more accurate than the above style, and requires more time. The horizontal style, with some 
modifications, has been exclusively adopted in all the military schools of the Government since 1867. 

Thus, with the scale of 6 in. to the mile, the dotted contours are shown at the vertical 
distances of 25 ft. for all slopes below 5% 50 ft. for all slopes from 5^ to 10°, 100 ft. for all slopes 
from IQP to 20°, 200 ft. for all sk)pes from 20° to 40°. 

With the scale of 3 in. to the mile, these distances would respectively be 50, 100, 200, 400 ft. 
This method is far less simple tlian the French system, since in the same drawing the distance 
between the contours is liable to vary. There will, however, always be two defects in all the 
varieties of horizontal style. The roads, in hilly ground, deviate but little from the horizontal plane, 
and are not easilv distinguished from the horizontal strokes to which they remain parallel. Again, 
the extreme strokes at the summit and base of a hill cannot be melted into the soft appearance of 
natural shade. Besides these three systems, there are other methods of hill diading. Brushing 
with Indian ink is one of them ; but it is not susceptible of great aoounioy, and is only employed 
for rough sketches. 

To give more accentuation to the features, oblique light has been had recourse to, but it is 
impossible to represent the real steepness of a slope, since the same slope may be placed in a 
thoasmd different positions as regards the direction of light ; hence the same slope is differently 
shaded ; it must alao be observed that the horizontal snr&oe having to be shaded, the effect is no 
longer naturaL 

Fio. 7148. 
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Plotting the Section. — ^In plotting a section, the first oare is to obtain a perfectly straight datum 
line. This is best obtained oy stretching a fine silk thread from one point to the other, and making 

Soints along it at such distances as can be conveniently connected by a straight-edge. The vertical 
istances at which the rises and falls occur, as shown in the level-book in Fig. 7148, are plotted 
as represented in Fig. 7149. The gradients, if the section be intended for a road or railway, are 
then laid down. They are obtained by taking the difference of heights between the two ordinates 
at the two extremities, and dividing it into the distance or length of the gradient. Thus, in the 
example in Fig. 7149, there is a gradient of 1 in 120 laid down. The thick black vertical line or 
ordinate is marked 42*00, and supposing the ordinates to be 100 ft. apart, we have at the end of a 
horizontal distance of 600 ft. a riae of 5 ft., and if we look at the ordinate at that distance, it will 
be seen that its vertical height is 47*00. The difference between tlie reduced level of the ground 
and that of the gradient height, or the formation surface of the road or railway, gives the height of 
the embaii^ent or deptli of cutting, as the case may be. Although in the aection in Fig. 7149 
the oidinates are shown at regular distances of 100 ft, yet they must be erected at every point which 
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ontrespondB with a distance registered in the oolnnin of distanoes in the level-book. Fig. 7148. 
Having plotted all the heights on the ordinates, the points are joined, and the section of the grouud 
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thus obtained. In commencing to lay down the gradients, there are always some fixed points which 
guide the engineer in his selection, as has b^n already observed in Bailway Engineeriog, in 
treating of the choice of route for a line of railway. 

In conclusion, it may be remarked, that however excellent may be the maps available, yet if a 
really accurate survey is required, the only reliable method is to have the ground surveyed and 

E lotted to the actual scale desirable in the particular instance. A corrected plan^ that is, one which 
as the omissions inserted, the superfluities erased, and the necessary alterations introduced, is 
rarely to be depended upon. In the majority of cases it gives absolutely less trouble to survey the 
ground, than to correct an imperfect plan of it already existing. Moreover, a corrected plan never 
gives that thorough satisfaction and confidence which an engineer feels in one which he has made 
himself. 

See Qeodbst. Bailwat Enoikeebino. 

Works u/xm Surr eying ; — Adams (G.), * Geometrical and Graphical Essays.* 8vo, 1813. Ainslie 
(J.), * Treatise on Land Surveying,* 8vo and 4to, 1849. Bourns (C), * Principles and Practice of 
Surveying,* 8vo, 1867. Smith (J. A.), • Treatise on Land Surveying,' crown 8vo, 1869. Nesbifs 
'Practical Land-Surveyor,' 8vo, 1870. Merzett (H. 8.),. 'Land and Engineering Surveying,' 
royal 8vo, 1871. Gillespie (W. M.X ' Treatise on Land Surveying,' 8vo, New York. 1872. Lient- 
Gen. Frome, • Outline of a Trigonometrical Survey,* 8vo, 1873. HaskoU (W. D.X ' Practice of 
Engineering Field Work,' 8vo. 

SUBVEYING I^fSTBUMENTS. Fa., Instruments de Parpenteur; Geb., Messinstrumente. 

All surveying instruments are intended for measuring horizontal, vertical, or angular distances. 
Of the many varieties of these which have been used from time to time, it is our intention to 
di'scribe only those which experience has proved to be the best adapted for modem practice, both 
at home and abroad. 

The Cham. — A partial description of this simple but indispensable instmment has been given in 
Surveying and Levelling, but there are a few pNoints with reference to it which belong strictly to 
the present article. The correct length of a chain should be that from out to out, that is, from the 
outside of one handle to the outside of the other. Oval-shaped rings are far preferable to round 
ones, and there are alwavs in the best made chains three of these rings between each link. At a 
distance of every ten links on each side of the centre of the chain there are similarly marked pieces 
of brass, so that the brass, as it is termed, at forty links from the one end corresponds with that at 
forty links from the other. These mark respectively forty or sixty links, according to the end of 
the chain whence the counting is commenced. At the centre of the chain the brass is perfectly 
plain, with no nicks or cuts in it. To every chain ten pins or arrows are attached, pointed at one 
extremity, and having an eye at the other. In order to test a chain, it should be stretched out 
straight, and a weight of about 80 lbs. hung at one end, the other being made fast. On removing 
the weight the chain should return to its original length, or if a new one, very nearly so. 

Tapes. — Measuring tapes are made either of linen, or of Unen interwoven with fine brass wire, and 
called metallic tapes. It is stated that the metallic tapes stretch more than the linen ones, but thU 
is doubtful. Tapes are apt to frav at the edges, especially if they are slightly too large for the box, 
an occurrence which sometimes happens when new tapes are put into old boxes, or when they are 
carelessly wound up. A good box will last out many tapes. In winding up a tape, it should be 
Allowed to run through pretty clo8c4y between the middle and fore finger. If this be not done, it is 
liable to get twisted or doubled up inside the box ; and if in drawing it out, it be forcibly pulled out, 
it ^ets v(?ry much damaged. The proper plan in such a case is to unscrew the winding knob, and 
take the tape out of the box through the aperture at the centre. Tapes are also made of st* el, but 
require careful handling, as they are liable to snap. 

Instruments for Measuring Angles by Be/lection. — Of these the box sextant and the prismatic 
compass are the most useful. The former instrument is represented in Fig. 7150, and forms, when 
shut up, a box, having a depth of 1^ in. and a diameter of about 8 in. When observations are 
being made, it is held in the hand, and requires no other support. It will read, by the aid of a 
vernier, angles to a single minute, and when once thoroughly adjusted, does not become easily dis- 
arranged. In using the sextant, the lid or cover A is firet unscrewed, and then screwed on to the 
bottom of the box, forming a handle with which to hold the instrument. Many sextants are provided 
with a telescope T, which is then drawn out, and the dark glasses having been lowered by means of 
twp small levers, the instmment is ready for observation. B is an index arm, having at its extremity 
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a vernier, of whlob thirtT diviBiona ooinoide with twenty-nine of the divisions upon the graduated 
limb L. As the divided Bpaoee upon the limb each denote thirty minutes, or naif a degree, the 
angles observed are read off by means of 
the vernier to a single miimte. The index 
is moi«d by turning the milled head C, 
which acts upon a rack and pinion within 
the box. To the index arm is attached a 
mirror, called the index glass, which moves 
with the index arm, and is firmly fixed 
upon it, so as to have its plane accurately 
perpendicular to the plane in which the 
motion of the index arm takes place, and 
which is called the plane of the instrument. |Q1 1|T 
This plane is identical with the plane of 
the face of the instrument, or of the gra- 
duated limb L. In the line of sight of the 
telescope is placed a second glass, called 
the horizon glass, having only half its 
surface silverMl, which must be so adjusted 
that its plane may be perpendicular to 
the plane of the instrument, and parallel 
to the plane of the index glass when the iudex is at zero. The instrument is provided with two 
dark glasses^ which can be raised or lowered by means of two little levers, so as to be interposed, 
when necessary, between the mirrors and any object too bright' to be otherwise conveniently 
observed, as the sun. The eye end of the telescope is also furnished with a dark glass. In order 
to adjust the horizon glass of the instrument, first put the dark glass in front of the eye end of the 
telescope. Look through it at the sun and move the index arm B backwards and forwards through 
a small angle, on either side of zero, until the reflected image of the sun pass over the image seen 
directly through the horizon glass. If ttie one image exactly cover the other, so as to constitute in 
reality but one image, the horizon glass is in adjubtment, that is, it is perpendicular to the plane 
of the instrument But if this should not be the case the key K must be unscrewed from the place 
it occupies, and applied to a screw on the top of the instrument, which acts upon the horizon glass, 
and turned until the adjustment is effected. 

To ascertain the index error, after m^ing the adjustment just described, make the reflected 
image of the lower limb of the sun to coincide with the direct image of the upper limb, and take 
the reading of the vernier, and suppose it to be in front of the zero mark. Then move the index bar 
back beyond the zero mark of the divided limb L until the reflected image of upper limb of the sun 
coincides With the direct image of its lower limb. If the zero of tlie vernier on the index arm be 
now exactly as far behind the zero mark on the divided limb L, as it was previously in front of it 
when making the other observation, so that the two readings are identical in value, but of opposite 
sign, the instrument is in perfect adjustment. But if not, half the difference of the two readings is 
the amount of the error, and is called the index error, being a constant error, for all angles observed 
by the instrument, of excess, if the first reading be the greatest, and of defect, if the second reading 
on the arc of excess be the greatest. In the former case the true angle will be found by subtracting 
the index error from the reading of the instrument at every observation, and in the latter by adding it. 

This error can be removed by applying the key k to a. screw in the side of the instrument, and 
turning it gently till both reailings are alike, each being made equal to half the sum of the two 
readings first ootained. When this adjustment is perfected, if the zeros of the vernier and limb 
are made exactly to coincide, the reflected and direct image of the sun will exactly coincide, so as to 
form but one perfect orb, and the reflected and direct image of any line, suflSeiently distant to be 
unaffected by parallax, as the distant horizon, or the top or end of a wall more tlian a mile off, will 
coincide so as to form one unbroken line. 

To obtain the angle subtended by two objects situated nearly or quite 
in the same vertical plane, hold tlie instrument in the right hand, and 
bring down the reflected image of the upper object by turning the milled 
bead G till it exactly ooincides with the direct image of the lower object, 
and the reading of the instrument will give the angle between the two 
objects. 

To obtain the angle subtended by two objects nearlv in the same hori- 
zontal plane, hold the sextant in the left hand, and bring the reflected 
image of the right-hand object into coincidence with the direct image of 
the left-hand object. 

The box sextant is essentially a reflecting one, and in oonseqnence its 
principle is founded upon the same data which govern all instruments of 
a similar diameter. The results of all reflecting instruments are bas^d 
upon the fact that the deviation of a rav of liglit after reflection at the 
index glass and that called the horizon glass, is double the aiigle of incli- 
nation between the two glasses. This will be render* d clear by a reference 
to the diagram. Fig. 7151. Let A represent the index glass of a sextant, 
which is moved by the index arm as required, and B the horizon glass 
which is flxed permanently in a plane perpendicular to that of the instru- 
ment. The angle of inclination between the two glasses in any one given position will therefore 
equal in the diagram the angle A D B. If we imagine B to represent a ray of light impinging upon 
the minor A, it will be reflected from A to B, and by the laws of optics the angle of incidence K A B 
wUl equal the angle of reflection BAD. On arriving at B, the second mirror, the ray of light will 
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be again reflected in the direction 6 0, making, according to the same law, the angle A B F eonal 
tiie an^le G 6 D. The total deviation of the ray of light is measured by the angle A G B, and bj 
the conditions of the problem this must be equal to twice the angle A D B, or that between the 
index or horizon glasses. 

In the two triangles A H G, B H D, the angle A H G equals the angle B H D, and consequently 
the remaining angles H AG, HG A of the one triangle equal the remaining angles HBD, H DB 
of the other. But the angle H B D, being the angle of reflection, equals the angle A B F, which is 
the corresponding angle of incidence. This latter angle being the exterior angle of the triangle 
A B D, equals the two interior and opposite angles H D B, B A D ; therefore the angle H B D equals 
the angles U D B, B A D. From above the angles H A G, H G A = angles H B D + H D B ; there- 
fore substituting for H B D its value of the angles H D B + B AD, we have the angles H AG + 
HGA = angles BAD + 2HDB. But the angle BAD, the angle of reflection, equals angle 
R A £, the angle of incidence, which is equal to angle HAG; therefore the remaining angle HGA 
or A G B equals 2 H D B, or the angle of deviation of the ray equals twice tlie angle between the 
glaiwes. This angle ia pructieally equal to that Bubtended by the object and its image at the eye of 
the observer. Tiie diflerence between it and the actual theoretical angle is usually called the 
parallax of the instrument, which mav be altogether eliminated by properly handling it. When 
the eye of the observer, tlie centre of the index glass and the obiect, form three points in the same 
straight line, this error becomes reduced to zero. In order to obviate the necessity for first regis- 
tering an observiition and then doubling it to obtain the angle required, the divisions on the arc or 
limb are marked double what they really represent, so that the coirect angle is read off by the 
vernier at once. In reading the angle, care should be taken to bring the microscope perpendicolarly 
over the vernier, or else the true reading will not be obtained. A reading taken on the skew will 
not be accurate. 

The sextant is not applicable to objects which do not lie approximately in the same horizontal 
or the same vertical plane. Strictly speaking, the two objects, the angle between which is required, 
ought to be situated exactly in the same plane, but a little departure from this rule is of no prac- 
tical inconvenience. The observer, even if his eye be no guide to him, can always tell in taking the 
angle whether this condition is fulfilled or not, as he will be obliged to incline the eextant to one 
side or the other, in order to obtain the necessary overlapping of the objects. This is a point that 
requires attention, for angles observed between two objects situated widely out of the same hori- 
zontal or vertical plane, are incorrect, and a survey so conducted will not close properly. We 
have known considerable errors arise from ignorance and neglect of this necessary precaution. This 
is one of the points in which a sextant is inferior to a theodolite. Should it, however, be absolutely 
indispensable for want of another instrument to find with the sextant the horizontal angle between 
two objects which are not situated in the same horizontal plane, the actual oblique angle may be 
observed, and the true horizontal angle deduced from it by spherical trigonometry. This is a case 
that rarely occurs in practice, and one that should be sedulously avoided. 

The pocket sextant offers a ready method of laying off right angles, for by setting the vernier 
to 90°, it really becomes to all intents and purposes an optical square. This latter instrument is 
a small sextant with tiie mirrors fixed at the angle of iSP. and incapable of recording any other. 
The mirrors of a sextant after some use get very dirty. The best way to clean them is by the use 
of a small light brush. A telescope, as already observed, is frequently attached to the instru- 
ment, but it is of very little practical use, and only complicates its manipulation. When onoo 
in thorough adjustment a sextant, with proper care, will last so for a very long period. 

The Prismatic Compass. — As this instrument can be used either in the hand or with a tripod 
stand, and with it angles can be observed with great rapidity and tolerable accuracy, it is especiaily 
valuable to the military surveyor. It is also well adapted for filling in the details of a large trigo- 
nometrical survey, and was used for this purpose by those 
engaged in making the English Ordnance surveys. It is repre- 
sented in Fig. 7152, and forms a small and compact instrument. 
Referring to the figure, A is a compass card usually divided to 
every 20 , or third part of a degree. Underneath the card is a 
magnetic needle, turning upon the agate centre B. The vibra- 
tions of the card when playing freely can be checked by touch- 
ing a small spring in the side of the box. The sighi-vane D 
has a fine thread stretched across it, which should bisect the 
point under observation. Tlie sight-vane is mounted on a hinge- 
joint) which enables it to be turned down flat in the box when 
it is out of use. E is a prism attached to a plate sliding in a 
socket, so that it can be raised or lowered as required. It is 
also mounted on a hinge-joint, and can be turned down into 
the box. The prism is attached to a plate F, which projects 
beyond the prism, and has a narrow slit, forming the sight 
through which the vision is directed when making an observa- 
tion. On looking through this slit, and raising or lowering the 
prism in its so^et, distinct vision of the divisions on the 
compass card immediately under the sight-vane is soon ob- 
tained, and these divisions, seen through the prism, all appear, 
as each is successively brought into coincidence with the thread 
of the sight-vane by turning the instrument round, as con- 
tinuations of the thread, which is seen directly through the 
part of the slit that projects beyond the prism. 

The method of using the instrument is as follows ; — ^The sight- vane D and the prism E, being 
turned up upon their Mnge-joiuts, as represented ia Fig. 7152, the instrument is held as nearly 
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t.oriioiit&l AH pOMible, or, if It be nsed vilh a tripod Btnod, est aa ncorljr horizontBl u oan be done 
by moring the ^eap of the Btand, so that the cord may play freely. The priam ia then rained in its 
•ocket until the divlBionB upon Uie card are seen distinctly through tlie priam, and the inatniment 
turned round nntil tbe object to be obaerved ia seen through tlie poition of the elit projecting 
beyond the piiim in exact coincidence with the thread of the eight-vane. The card ia then brought 
to rest by touching; the apriag; and tho reading at the diviuon upon the card, nhioh appeara in 
ouinoidance nilh the prolongation of the tliread, gives the ma^etic azimuth of the object oDBeiyed, 
or the angle which a straight line, draitD &om the eye to the object, makes with tlie marnetio 
meridian. The magnetio azimuth of a Mcond object being obtained in the aame manner, the differ- 
ence between theae two aziniutha ia the angle aubtended by the objects at the plaoe of the eye, aud 
ia, moreover, independent of any error in the azimuths, ariBJiig from the alit ia the prism not being 
diametrically opposite to the thread of the sight-vane. 

By taking the variation of the oompim, as it ia termed, that Li, the difference between the mag- 
netic and the true north, from the Nautical Almanack for tlie year, the true meridian line am 
always be obtained. Although the prlBioBtio compass is a convenient instrument for filling in 
details, it mnrt never be employed where aocuiaoy is required. Owing to numerous causes which 
affect obaervafione made bv the aid of a magnetic needle, the angles cannot be relied upon to nearer 
than half a degree. In li'ig. 71S2 there are two dark glassoa at O. which may he made to turn 
over the sloping aide of the prism, and qre naeful when observing nnder a strong glare of ttie ann. 
A mirror ia shown at H, which can he attached to the aight-vane D, or removed at pleasure. Its 
me is to reflect an object when it la much below oi above the level of the obaerrer. A stop ia 
provided to throw the needle off ita centre when it is not in nae. 

The Circumferenler is a ootnpaaa ntonuted npon a stand, with sights, and ia new only used for 
mining surveys. 

Tht ThtocMitt. —The modern fonn of this impori*at inslrmnent is represented in Fig. 7153. 
It may be considered as consisting 

of thrve parts ; the parallel plates ''"- 

with adjusting screws fitting on to 
tlie staff-heed; the horizontal limb, 
for meaanring the horizontal angles ; 
and the vertical limb, for measuring 
the vertical angles, or angles of 
elevation. 

The horizontal limb is oomposed , 
of two oiroular platea, A and B, | 
which St aocnrately one upon the 
other. The lower plate projects 
beyond the other, and its projecting 
edge is sloped off or chamfered, as 
it IS called, and graduated at eve^ 
half degree. The upper plate is 
called the vernier-plate, and has 
portloiis vt ill edge chamfered off, 
so oa to brm with the chamfered 
edge of the lower plate continued' 
porUoiM of the tame conical suriaoe. 
Tbeae obamfeied portions of the 
upper plate He graduated to form 
the veTDi«m, by which the limb is 
sabdivided to Bingle minutea. The 
5-in. transit theodolite, Pig, 7153, 
has two such vernien 180^ anut. 
The lower plate of the vertical limb 
is attached to a conical axis possiDg 
throi^fi the upper parallel plate, 
and terminating in a ball fitting in 
a socket upon the lower parallel 

filate. This axis is, however, hol- 
Dwed to receive a similar conical 
ailt moutid acoutately to fit it, so 
that the axis of the two oonea may 
be exactly eoiitoident or parallel to 

ODe RDC^eT. To the internal axis ,, , , 

and thua, while the whole limb can be moved through any horizontal angle desired, the upper plate 
only can alio be movrd through any desired angle, when the lower plate is fixed by menns of a 
damping aorew, which tightens the collar 0. D is a alow-motion or tangent screw, which moves 
the whoM limb through a small apace, to adjost it more perfectly, after tightening the collar C by the 
clamping acrew E. There is also a clamping screw for oiing the upper, or vernier, plate to the Inwer 
platft and a tangent-screw F, for giving the vemier-plate a slow motion npon the lower piste, when 
M clamped. Two spirit levels O are placed upon the horizontal timb, at right angles to eoch other, 
sod a oompnss H is also placed upon it in tho centre, between the supports .f, J. for the vertical limb. 
The vertical limb K is divided upon one side into four quadraota. each way from 0° to 90°, and 
subdivided by the verniers, whicli are fixed to the axis of the teleeoope, to ringle minutes. Upon 
the other side are marked the number of links to be deducted from each chain, for various angles 
of inolination, in order to reduce the distances, as measured along ground rising or falling at these 
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angles, to the corresponding horizontal distanoes. The axis L of this limb mtist rest, in a poritioii 
truly parallel to the horizontal limb, npon the snpportd J, J, so as to be horizontal when the hori- 
zontal limb is set truly leTel, and the plane of the limb K should be aoonrately perpendicular to its 
axis. On top of the telescope is fixed the bubble P. The horizontal axis L can be fixed by a 
clamping screw H, and the vertical limb can then be moved through a small spaoe by a slow- 
motion screw N. 

Adjustments. — Before commencing observations with this instrument, the following adjustments 
must be attended to ; — 

Adjustments of tiie tv lesoope, which comprise the ndjustment for parallax and for collimation. 
Adjustment of the horizontal limb and of the vertical limb. 

When the image of the object viewed, fonned by the object-glass, either falls short of^ or beyond 
the place of the cross wires, the error arising from this cause is called parailax. The existence of 
parallax is determined by moving the eye about when looking through the telescope, observing 
whether the cross wires chapge their position, and are fiittering and undefined. 

To correct this error, first adiust the eye-piece, by means of the movable eye>pleee tube, till the 
cross wire is clearly defined, and sharply marked against any white object. 

Then by moving the milled-headed screw at the side of the telescope, the internal tube is thrust 
outwards or drawn inwards, until the proper focus is obtained according to the distance of the 
object, and the object can be clearly seen, and the intersection of the wires, dearly and sharply 
defined, before it. The existence of parallax is very inconvenient, and, where disregarded, luis 
frequently been productive of serious error. It will not always be found sufficient to set the eye- 
glass first and the object-glass afterwards. The setting of the object-glass, by introducing more 
distant rays of light, will affect the focus of the eye-glass, and produce parallax or indistinctness 
of the wires, when there was none before ; ttie eye-piece must, in this case, be adjusted again. 

Generally, when once set for the day, there is no occasion for altering the eye-glan, but the 
object-glote will of course have to be altered at every change of diststnce of. the object. 

In adjusting the instrument, the parallax should be firat corrected, and then the error of 
collimation. 

Adjustment for CoUmation. — ^To collimate a transit theodolite, set the cross wires on some very 
distinct dh>tant object by means of the tangent-screw F. Now unclamp the vertical circle, and lift 
the horizonid axis, carrying the telescope with it out of its bearings in the supports J, J^ Replace 
it in its bearings with the ends reversed, so that the telescope is upside down. If the croas wires 
now coincide exactly with the same point as when the telescope was in its originid position, the 
line of collimation is perpendicular to the horizontal axis, and the instrument is in adjustment in 
that particular respect. But if this coincidence does not obtain, one half of the deviation must be 
corrected by moving the cross wires by means of the horizontid adjusting screws attached to the 
diaphragm, and the other half by means of the tangent-screw F. Bevcrse the telescope again, and 
repeat the operation until the adjustment is accomplished. The ttlesoope may be reversed for the 
purpose of effecting this adjustment in another manner. It may be turned over on its horizontul 
axis, and the horizontal limb revolved through an angle of 180 ^ To adjust the line of coUimatkm 
in a vertical direction the same operation is to be carried out, but the vertical screws a, in Fig. 715S; 
must be used instead of the horizontaL 

Adjustment of the BorizontcU and Vertical Limbs, — Set the instrument up as accurately as possible 
by the eye, by moving the legs of the stand. Tighten the collar C by the damping screw, and, nn- 
olamping the vernier-plate, turn it round till the telescope is over two of the parallel plate screvra. 
Bring the vertical circle carefully to zero by turning the tangeni-screw N. Turn the vernier-plate 
half round, bringing the telescope again over the same pair of the parallel plate screws, and if the 
bubble of the level bs not in the centre of its run, bring it to the centre, half-way by turning the parallel 
plate screws over which it is placed, and half-way by turning the tang^ut-screw N. Repeat this 
operation till the bubble remains accuratt^y in the centre of its run in both positions of the telescope ; 
and then turning the vernier-plate round till the telescope is over the other pair of parallel plate 
screws, bring the bubble again to the centre of its run by turning these screws. The bubble will 
now retain its position while the vernier-plate is turned completely round, showing that the internal 
azimuthal axis about which it turns is truly vertical. The bubbles of the levels on the vernier-plate 
being now, therefore, brought to the centres of their tubes, will be adjusted to show that the internal 
azimuthal axis is verticaL Now, having clamped the vernier-plate, loosen the collar C by loosening 
the olamping screw, and move the whole instrument slowly round upon the external azimuthal axis, 
and if the bubble of the level above the telescope maintains its position during a complete xevolo- 
tion, the external azimuthal axis is truly parallel with the internal, and buth are vertical at the 
same time ; but if the bubble does not maintain its position, it shows that the two parts of the axis 
have been inaccurately ground^ and the fault can only be remedied by. the instrument maker. When 
the horizontal limb is in adjustment, that is, when the bubbles of two luvels on the vemier^plate 
remain in the centre of their run, during all positions of the revolution of either the vernier-plate 
or the whole instrument around the vertical axis, the bubble above the telescope should be in the 
centre of its run when the vertical are or cirole is set to zero. %ould this not be the case, there is 
an index error which must be allowed for in all obst rvations made with the vertical limb. 

The bubble tubes are frequently mounted with capstan-headed screws at both ends, but in both 
theodolites and levels of the most modem make, thev are mounted with a hinge at one end and a single 
screw at the otiier, as shown fai Fig. 71 56. TM s is by far the best method of mounting them, as tl ey 
retain their adjustments more permanently. There is this difference to be remarked respecting their 
nature, and it is necessary to be certain thnt in the Matter plan it can never happen that the hinged 
end should ever require lowering. Fig. 71 54 will render our meaning dear. Since the bubble always 
rans to the highest end, there is no necessity of raising <« lowering more than one end of the tube, pro- 
vided the other Ib free to pivot upon a hinge, but not to have any vertical motion. In Fig. 7154 let A B 
represent the correct position of the bubble tube when the insfamment is properly set up and levelled. 
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Let A be the screw end, and B the hinged extremity, which it most be borne in mind oumot hj 
constniciion be raiaed or lowered. Suppoae the level tabe to be deranged, and the icrew end to 
oocnpy the poeition ahown by the dotted line 6 B, 
it is evident tiiat it may ro restored to a hori- 
lontal poeition either by lowering the end G to 
the point A or raising B to the point D, the line 
G D being parallel to A B, and therefore horizontaL 
But as the end B oannot be raised, the only 
alternative is to lower G. But auppoee the instru- 
ment is badly oonstructed, so that, after lowering 
the movable end as much as possible, that is, screwing it down as far as the screw will go, it still 
remains too hi^h. Then there is no remedy but that of sending the instrument to the maker 
to have the bubble tube taken off and remounted. Beferring to the diagram for an illua- 
tration, suppose the end A to be deranged so aa to oocupy the position shown at £, and that after 
Bcrewing it down as far as possible it can only be brougnt to Gf, the bubble tube will then occupy 
the position shown by the dotted line G B, and will be always out of level until remounted. A 
■imilar contingency is represented by the dotted lines F B, H B on the lower side of the line A R 
on the supposition that the movable end at A has been lowered by derangement instead of raised. 
la the extreme case we have aelected, it is supposed that the end A which was at H could not be 
raised higher than F, and as B could not be lowered to K, the position of the bubble tube would be 
represented by the dotted line F B. In purchasing a theodolite or a level with the bubble tubes 
mounted on a hinge, if when the instrument is set up and levelled the movable or screw end of the 
tube i» raised much above its bearings, it should be rejected, as the tubes will never be steady under 
the least rough usage. When all the parts of a theodolite or level are firesh from the hands of the 
maker, all the acyusting screws should be nearly home, and the instrument will tiien be in what Is 
termed permanent adjustment. 

The next point to be considered with respect to a theodolite is the position of the verniers. 
These are two in number, placed opposite one another, that is, at a distance of IS/OP apart on the 
divided limb. The verniers are sometimes fixed at the proper distance apart in the making of the 
instrument, and at other times are movable, so as to be capable of accurate adjustment when r^, 
auired. The object of having two verniers is to ensure great accnraoy in the observations. When 
tnis is needed, the angles are read off by both verniers and the mean taken, which tends to reduce 
any small error that might otherwise occur. In the diagram in Fig. 7155, let A B represent the 
normal position of the verniers of a theodolite, that is, when 
they are both at zero, A being one vernier, and B the other. 
Buppose a reading is taken with the vernier B only, the angle 
read being equal to B D. But suppose also in the reading of 
the angle an error is made in excess equal to DF, which 
would be equivalent to reading the angle B F instead of B D. 
One reading only being taken with one vernier, the error 
remains. But if when the angle B F is read bv error, the 
angle A be read with the other vernier, and the mean of 
the two readings AC and BF be taken, the error becomes 
reduced to D K or half D F. Instead of supposing the nad- 
ings to be wrongly taken, if we imagine triflmg errors to exist 
in the verniers .themselves, the same line of reasoning holds 
good. Trifling errors do exist in the verniers, and it is for 
the purpose of nullifying them that they are both used. In 
ordinary practice it is not necessary to use both verniers, and 
the Burvejcr should always use the same vernier during the 
same series of operations, making a slight scratch on one of 
the verniers so as to be able to distinguish it from the other. 
When the verniers of a tlieodolite are fixed by construction, if they do not each coincide with the 
sero of the divided lower plate to within three or four minutes, the instrument is faulty. Having 
completed our remarks on the levels and verniers, there is still one more important consideration to 
attend to. It is the vertical position of the supports J, J, in Fig. 7158. In some instruments, 
always in those of a lar^ size, there is a separate adjustment fbr Uiis purpose, but in many there 
is none, the supports biing set vertical by the maker. To ascertain this, set up the instrument 
accurately level, direct the intersection of the cross wires to some well-defined vertical line, such as 
the ^uoin of a building, and move the telescope up and down. If the intersection of the wires 
coincide during the whole motion of the telescope with the edge of the quoin the construction is 
good, if not, bad, and the Ihult can onlv be remedied by the maker. As a piece of practicfd 
advice ; alwavs turn the instrument in the same direction either backwards or forwards, but not 
indifferently backvrards and forwards. The reasoji for this is, that there is always some lubricating 
substance present between the axial beiurings, and if the instrument is constantly turned in the 
same direction, this is always maintained in a smooth and even state. But when the rotation is 
backwards and forwards it gets rubbed up, and interferes with the evenness of the movements. 

Ereretfa Theodolite, — In Everest's thiodolite, a number of which were made for use in India, 
instead of the upper parallel plate there are three diverging arms, with a vertical foot screw sup- 
porting the end of each. In setting up a theodolite over any station, a plumb-bob \b hung from a 
small hook which is plaM'd in the upper purt of the legs, and is situated exactly under the vertical 
axis of the instrument On referring to Fig. 7153 it will be seen that the microscope B for reodia'g 
the'divibions on the horizontal limb is mounted on a little bracket, which slides in a groove in the 
lower part of Uie rim of the limb. This is a complete mistake in the construction of the instrument, 
and it is astonishing that tiie makers have not altered the arrangement As the microscope is only 

9 D 2 




2980 



SUEVEYINa INSTBUMENTS. 



T156. 



needed to read the Teniier, end that portion of the horizontal limb conreBponding to it, the proper 
place for it is on the vernier-plate. As the vernier-plate revolved it would carry the microeoope 
with it, and it would always be where it was wanted. In the position in Fig. 7158 it is not ouly in 
the wny, but when shifted along its groove it is very liable to disturb the level of the instrument. 
It mav be useful for those who are in possessioii of cradle theodolites to know that they can be con- 
verted into transit theodolites. 

Levelling Instruments. — The three best-known levels are the Y> Troughton's, and Gravatf s, or 
the Dumpy level. Of these the last is so universallv used by engineers that a description and 
illustration of it will, be sufficient for our purpose. The most modem form of this instrument by 
Elliott Brothers is represented in Fig. 7156. The diaphragm is carried by an internal tube, which 
is nearlv eoual in length to the 
external tuoe A. The external 
tube is sprung at its aperture, 
and gives a steady and even 
motion to the internal tube, 
which is thrust- out, and drawn 
in, to adjust the focus for objects 
at different distances by means 
of the milled headed screw B. 
The spirit level is placed above 
the telescope, and attached to 
it by a hinge G at one end, and 
a capstan-headed screw D at 
the other, by means of which 
the bubble can be brought to 
the ceutre of its run, when the 
line of oollimation is adjusted. 

The telescope is attached 
to a horizontal bar £ £, but 

room is just left between the telescope and the bar for a compass-box if required. A circular level F 
is placed upon the horizontal bar £2 E2, parallel to the principal level 6, by which the instrument 
can be set up at once with the axis nearly vertical. 

The telescope is attached to the horizontal bar by countersunk screws at H H, by which the 
line of coUimation is set perpendicular to the vertical axis, and the instrument is set up upon 
paraUel plates, as in the case of the theodolite. 

In setting up the instrument in the field, when it is in perfect adjustment, the telescope is 
placed over eacn pair of the parallel plate screws alternately, and they are moved till the bubble 
settles in the middle of the tube, and the operation is repeated till the telescope can be turned 
quite round upon the staff-head, without any change taking place in the position of the bubble. 

Adjustments of the Level. — The adjustment for parallax is made in the same manner as for the 
theodolite. The collimating of a dumpy level is not so simple an operation as in the case of 
i\m Y ^^vel or the theodolite, since the telescope cannot be either rotated or reversed, that is^ 
turned upside down in its collars or bearings. A simple method of placing the oollimation in 
adjustment is as follows. In Fig. 7157 let the level be accurately set up at A, and readings taken 
at B and G two points equidis- 
tant from A. Let the level be Ti5T. 
shifted and set up at D, and 
readings again taken at B and G. 
Let these readings be respec- 
tively B>, G'.B,, C,. When the L 
oollimation is in adjustment we ^ 
have (B» - G' ) = B, - (G, + d). 






an amount equal to the difference of the curvature of the earth for the distances D B and D G. Put 
(B'-G")-(B, -G, -d) = ±E; then we have BG : ± E :: DB : ± E». The reading on the 
stiaff at B from station D should be equal to B» ± E», and the horizontal wire can be adjusted to 
read this by means of the diaphragm screws K K in Fig. 7156. The following is Gravatt's method 
for coUimating a dumpy. **0n a tolerably level bit of ground drive three stakes at distances 
of about four or five chains apart. Call the first stake A, the second B, and the third 0. Set up 
the level half-way between the stakes A and B, and take readings on the staff A' and B', then, 
although the instrument be out of adjustment, the two readings will be equidistant from the 
earth's centre. 

^Now remove the instrument to a point half-way between B and G Again read off the staff 
on B, and read also a staff placed on the stake, which call G. Now, by adding the difference 
of the readings on B, with ito proper sign, to the reading on G, we get three points, say A', B', 
and G , equidistant from the eaith*s centre, or in the same true level. 

'* Place the instrument at any short distance, say half a chain beyond it, and, using the bnbble 
merely to see that von do not disturb the instrument, read all three staffs, or. to speak more 
oorrectljf. get a reacUne from each of the stakes A. B, G; call these three readings A", B", G". 
Now,^ if the stake B be half-way between A and G, then ought C - (y - (A" — A') to be eoual to 
2 [B" - B' - (A" — A*)] ; but if not, alter the scrows which adjust the diaphragm, and con- 
•equently the horizontal spider line, or wire, until such be the case, and then the instrument will 
be adjusted for oollimation. 
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" To adjast the spirit bubble without removing the inBimment, read the etaff on A, say it reads 
A"\ then adding ( A^" — A') with its proper sign to B' we get a valne, say B"'. 

** Adjust the instrument by jneans of the parallel plate screws to read B'" on the staff B. 

'* Now, by the screws attached to the bubole tube, bring the bubble into the centre of its run. 

*'The instrument will now be in oomplete practical adjustment for level, curvature, and 
horizontal refraction, for any distance not exceeding ten chains, the maximum error being only 
T^pth of a foot." 

Whatever be the distances between the stakes A, B, G, the following proportions ought to hold, 
namely ; — 

The distance ftom A : B : the distance A to C :: B" - B' - (A" - AQ : C'-C - (A" - AO- 

If this adjustment be made by one of the oountersunk screws at H H, instead of the parallel 
plate screws, the line of ooUimation will be brought into its proper position with respect to the 
vertical axis. 

To aet the Axis of the Telescope perpendicular to the Vertical Axis round which the Instrument turns, 
or, in other words, to make it traverse. — Place the tefesoope over two of the parallel plate screws, 
and move them, unscrewing one while screwing up the other, until the bubble of the level setties 
in the centre of its run. Then turn the instrument half round upon the vertical axis, so Uiat the 
contrary ends of the telescope may be over the same two screws, and, if the bubble does not again 
settle at the same point as before, half the error must be corrected by turning one of the counter- 
sunk screws at H U, and the other half by turning the two parallel plate screws over which tiie 
telescope is placed. Next turn tiie telescope a quarter rouno, that it may He over the other two 
screws, and repeat the operation again and agum until the bubble remains in the centre of the 
tube during a complete revolution of the telescope. When the adjustments of a dumpy level are 
well and thoroughly made, the instrument will remain iu excellent working order for many years. 
The remarks respecting the manner in which those adjustments should be made with regard to the 
theodolite are equally applicable to those of the level. 

The Vernier, Fig. 7158, is so constructed as to slide evenly along the graduated limb of an instru- 
ment, and enables us to measure distances, or read off observations, with greater minuteness than 
we could without its aid. In another kind of vernier scale, the divisions on the lower or subsidiary 
scale are longer tlian those on the upper or - primary scale ; but in the vernier now to be 
described, the divisions are usually shorter than tnose upon the limb to which it is attached, the 
length of the graduated scale of the vernier being exactly equal to the leng^ of a certain number 
(N— 1) of the divisions upon the limb, and the number (N) of divisions upon the vernier being one 
more than the number upon the same length of the limb. 
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Let, then, L represent the length of a division upon the limb, and L| the length of a division 

N — 1 1 

upon the vernier; so thut (N — 1) L = N Lj ; and thereforeL — Lj = L rz — L = -r= L; or the 

defect of a dirision upon the vernier from a division upon the limb is equal to the Nth part of a 
division upon the limo, N being the number of divisions upon the vernier. If N divisions of the 
vernier were equal to (N + 1) divisions of the Hmb, or(N + l)L = NL|, then would 

or the excess of a division upon the vernier above a division upon the limb would be equal to the 
Nth part of a division upon the limb. With thib arrangement, however, we should have the incon- 
venience of reading the vernier backwards. 

In Fig. 7159, nx dirisions of the vernier are equal to five divisions of the limb ; and conse- 
quently the above defect, or L — V, is equal to a sixth part of a division upon the limb, or to 20', 
smce a division of the limb is equal to 2^. 

In Fig. 7158, ten divisions of the vernier are equal to nine divisions of the limb; and conse« 
quently L ^ V is equid to a tenth part of a division upon the limb, or to the hundredth part of an 
inch, a divibion of the Umb being equal to the tenth part of an inch. 

We must, in reading, first i(H>k to the arrow, as pointing out the exact place upon the limb 
at which the required measurement is indicated. If, then, the stroke upon the vernier at the arrow 
exactly coincides with a stroke upon the limb, the reading at this stroke gives the measurement 
re^uiied ; but if the stroke at the arrow be a distance beyond a stroke upon the limb, then will 
this distance be equal to once, or twice, or thrice, the difference of a division upon the limb and 
upon- the vernier, according as the stroke at the end of the firsts or second, or third, division upon 
the vernier coincides with a stroke upon the limb. 

The stroke upon the vernier. Fig. 7159, at the arrow falls beyond the stroke indicating 22^ 
upon the limb, and the stroke at the end of the second division upon the vernier coincides with a 
s&oke upon the limb ; the reading therefore is 22P 40'. 

The stroke upon the vernier. Fig. 7158, at the arrow fieJls beyond the stroke indicating one 
inch and three tenths upon the limb, and the stroke at the end of the sixth division upon the vernier 
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coincides with a Btroke upon the limb ; the reading therefore is 1 * 86 in., or one inch three tenths and 
six hundredths. 

The limbs of the best seictants are now divided at eyery 10 minntes, and 59 of these parts are 

Li 10* 
made equal to 60 diyisions of their verniers. In this case ^ *" ^ = ^ = gni = ^^^ : "o tbatt ^ese 

instruments can be read off by the aid of their yemiers to an aconraoy of 10 seconds. The yemieis 

occupy on the limbs spaces equal to 9^ 50'. That is, according td the graduation of the instrument ; 

but as the angles observed by a sextant are double the angles moved over by the index, the linib 

of the instrument is graduated, as though it were double the sisBO ; so that the yemiers really 

occupy an arc of 4® 55 only. 

The limbs of small theodolites are generally divided at every 30 minutes, and 29 of these parts 

are made equal to 80 dinsions of their verniers, wliich therefore enables us to read off to an aoooracy 

SO' 
of !—;, or r. In the mountain barometer, the scale being divided into T^ths of an inch, 9 of 

these parts are made equal to 10 divisions of the vernier, which therefore enables us to read off 
to an accuracy of r^sp^ ^^ ^^ mcitL 

We have, in the above explanations, only considered the case of an exact coincidenoe between 
some one of the strokes upon the vernier and a stroke upon the limb. Suppose now that in Fig. 7159 
the stroke at the end of the second division, instead of coinciding with a stroke upon the limb, fell 
a little beyond it^ while the stroke at the end of the third division fell a little short of a stroke upon 
the limb ; then tne measurement indicated would be something between 22^ 40' and 23^, which the 
observer, should there be no other mechanism attached to* the vernier, must estimate by guess, 
according to the best of his judgment. 

Diaphrofftns,— In looking through a telescope, a considerable field of view is embraced ; but the 
measurements indicated by any instrument, of which the telescope may form a part, will only have 
reference to one particular point in this field of view, which particular point is considered as the 
centre of this field of view. We must therefore place some fixed point in the field of view, and in 
the focus of the eye-piece, and the point to which the measurement will have reference will be 
that point of the object viewed, which appears >> be coincident with this fixed point, or which, 
aooording to the teclmical phrase, is bisected by the fixed point. 

The intersection of two fixed lines will furnish us with such a fixed point, and consequently 
two lines of spider's thread, Fig. 7160, are fixed at right angles to each other in the focus of the 
eye-piece. They are attached by a little gum to a brass ring of smaller dimensions than the tube 
of the telescope, and which is fixed to the tube by four small screws, a, 6, c, <2, and constitutes the 
diaphragm in its simplest form. If the ecrew d be eased, while at the same time c is tightened, 
the ring will be moved to the left ; but if o be eased and d tightened, the ring will be movea 
to the right ; and in a like manner it may be moved up or down by means of the screws a and 6. 




T161. 
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The diaphragm mostly placed in these telescopes of theodolites is shown in Fig. 7161, and that 
in those of levels in Fig. 7162. The two vertical lines in the latter, D and E F, serve to show 
at a glance when the staff is held vertical in one plane. 

Plotting Surveys. — The prin- 7ies. 

olpal instrument used in laying 
down the points of a large survey, 
is the protractor. When consider- 
able acouracgr is required, a semi- 
circular, or, better still, a circular 
protractor should be used, similar 
to that represented in Fig. 7163. 
The circumference is a complete 
drcle, and attached to the centre 
by four arms, or radii. A, A, A, A. 
At the centre there is an open 
space, which is surrounded by a 
nng or collar B, which carries two 
radial bars O, 0. To the ex- 
tremity of one bar is a pinion D, 
working in a toothed rack quite 
round the outer circumference of 
the protractor. To the opposite 
extremity of the other bsx 0, is 
fixed a vernier, which subdivides the primary divisions on the protractor to single minutes, and by 
estimation to thirty seconds. This vernier, as may readily be understood from the engraving, is 
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eanled rotrnd the piotractor by taming the pinion D. Upon eaoh radiAl bar 0, is placed a branch E, 
carrying at its extremity a fine steel pricker, whose point is kept above the surface of the paper by 
a spring placed under its support, which g^ves way when the branch is pressed downwards, and 
allows the point to make the necessary puncture in the paper. The branches E, E, are attached 
to the bars C, G, with a joint which admits of their being folded backwards over the InBtrumeiit when 
not in use, and for peeking in its case. The centre of the instrument is represented by the inter- 
section of two lines drawn at right angles to each other on a piece of plate glass, which enables thi» 
person u.^ing it to place it so^that the centre, or intersection of the cross lines, may coincide wiiL 
any given point on tlie plan. If the instrument is in correct order, a line connecting the fine prick- 
ing points with each other would pass through the centre of the instrument, as denoted by the 
before-mentioned intersection of the cross lines upon the glass, which, it may be observed, are drawn 
so nearly level with the under surface of the instrument as to do away with any serious amount of 
parallax, when setting the instrument over a point from which any angular lines are intended to be 
drawn. In using this instrument, the vernier should first be set to zero, which is at the division 
marked 860, on the divided limb, and then placed on the paper, so that the two fine steel points 
may be on the given line, from whence other and ang^ular lines are to be drawn, and the centre of 
the instrument coincide with the g^ven angular point on such line. This done, press the protiaetox 
gently down, which will fix it in position by means of very fine points on the under side. It is now 
ready to lay off the given angle, or any number of angles that may be required, which is done by 
turning the pinion D till the opposite vernier reads uie required angle. Then press downwards 
the branches E, E, which will cause the points to make punctures in the paper at opposite sides of 
the circle ; which being afterwards connected, the line will pass through the given angular pointy 
if the instrument was flnt correctly set. In this manner, at one setting of the instrument, a great 
number of angles, or a complete circular protractor, may be laid off from the same point. 

The most accurate method of laying down on paper any triangle, is to calculate the length of the 
sides, and lay them down by beam compasses, if they are too long for ordinary compasses. With 
respect to the use of the minor instruments employed in plotting and office drawing generally, the 
best course for the banner to adopt is to purchase a good case^ and with a little practice he will 
soon begm to find out their value and several uses. 

Bee jDist ANCTBk 

S\?ITGH. Fb., AiguUU, tteitch; Geb^ WetchacMene; Ital., SviaMo! Spah., CanMo de via. 

See Pkbmakent Wat. 

TAP. Fs., Taraud; GiB., ScKraubenbokrer ; Ital., Maschto! Spah., Macho de tarraja. 

In an engineering sense, a tap is a conical screw made of hardened steel, and grooved longitudi- 
nally, for cutting threads in nuts, and the like. A tap-bolt is a bolt with a thread on one end and a 
hoitd on the other eiid^o be screwed into some fixed part, instead of passing through the part and 
receiving a nut. See Uakd-Tools. 

TAPPET. Fb., Toe; Geb., Mitnehmer; Ital., Arresto; Span., Palanca de escape. 

A tappet is a small lever or projection intended to tap or touch lightly something else with a 
view to change or regulate motion. For instance, a tappet-motion is a valve-niotion worked by 
tappets, from a reciprocating part of a steam-engine, without either eccentric or cam. 

TELEGRAPHY. Fb., TMgraphie; Obb., Telegraphie; Ital., Teiegrafia; Span., Tehgrafa, 

In the present article we purpose to treat the subject of telegraphy solely from an engineering 
point of view. The rapid and extraordinary development of the telegraphic system has rendered 
this part of the subject, namely, the oonstruction and maintenance of the vast network of lines of 
communication, one of the highest importance, and the wide and varied experience which has been 
gained in all parts of the known world has furnished results from whidi reliable and definite 
information may be obtained for future guidance. To bring together these results and to impart 
this practical information is our present object We shall therefore introduce only so much of 
the science of electricity as is necessary to the proper execution of the above-mentioned work. 
A minute scientific investigation of the numerous interesting fiicts relating to electric currents 
would be out of place here, and must consequently be K ft to the more appropriate pages of special 
treatises. 

Butteries, — ^The nature, oonstruction, and relative efficiency of the several batteries now in use 
having been fully described in former articks, see Battery, Boring and Blasting, and Electro- 
metallurgy, there remains but little to be said on this subject Tiie most constant and economical 
battery is that modification of Danieirs in which sulphate of zmo is used in the zinc cell instead of 
sulphurio acid. The greatest effect wQl, doubtless, oe obtained when the porous cell is very thin ; 
but it is desirable, in order to prevent the mixing of the two fiuids as much ns possible, to increase 
its tidckness, and even to grease its back and aides ; for when the cell is thin, the waste of sulphate 
of copper is as great when the battery is idle as when it is in use. This sulphate of copper should 
not be crushed, for when such is the case, the powder of the crushed crystals is apt to cement the 
whole into an almost insoluble mass at the bottom of the cell. When specially ordered, it may be 
obtained in crystals about the size of a hazel-nut. 

The zinc, which is cast, should not contain more than 2 or 8 per cent of impurities. When the 
sine solution becomes strong, it crystallizes on the sides of the cell ; the liquid then rises by capil- 
Liry attraction between the crystiUs and the cell, and is opt to creep over the top and down the 
outer side of the cell, thus forming in time a kind of siphon which will often half empty the cell. 
The readiness with which gutta-percha is affected in this way has led to its almost complete aban- 
donment The evil may be lessened by dipping the oelL after having thoroughljr dried and warmed 
it about half au inch in a warm mixture or paraffin and paraffin oiL In some instances the copper 
plate has been placed at the bottom and the zinc at the top of the cell, the solutions being sepa- 
rated only by their difference in specific gravity. This arrangement, though energetic for a time, 
and having very little resistance, is inconstant and wasteful, as the copper solution rises rapid 'y to 
the zinc and is thrown down by it In all cases the zinc should hang vertically, and should not 
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cna on boe the oi^iper, tat when placed horizontally bjdrogsD •ocnmnlatea under it and iaolatea 
it fiom the liaoid. 

Thirty oella of a hattery of this kind are safflcient for a lioe at 200 milM If the InaDlatiaii 
It good. Oa long liav subject to Ion in wet wmtber, or when the insnlatioii is bad, it is nmrwnrj 
to use hinder oelb. A better effect will be obtained by inciEUing the siM of the oeUa than bj 
adding eitro oells in series. 

Aa anpplemeiitary to tbe deacription prefionsly giTen of the several kjoda of battery, va 
add the foUowing, to UluBtrate thcbe Tarietiaa wliieli are employed for lele^rophie purposes. 

Daiileir« element cmieiata of » pole of nbeet copper in a saturated solution of aulpbate of eoaper, 
and a pole of amalgamated line in dilute lulphurio acid. These two aolutiuns are separated by a 
pcrons diaphragm. The outer easing of this element is usnallT of stoneware, and is of the Conn 
shown in Figs. 7164, 7165. Qlau is tometimes employed Instead of st 
so suitable. 



}f stoneware, bat is Dot generallj 







Hinotti's, Figs. 716SA, 7166, element is a simple and ineipensiTe form of Daniell'« element It 
consists of a bmwn eartl.enware jar, at the bottom of which is placed a disc of sheet oopper connected 
lo an inmlated wire. The jar is half filled with sulphate of copper crystaU, OTer whloh a dise of 
felt is placed, and above this a thick layer of ww-dust lo act as a diaphragm. Tbe zino plate is 
oircular and lies upon the saw-duat. When in use, the cell ie filled up with aindnlated water. Bome- 
timee a thin layer of oil is placed above tliia to prevent evaporation. 

Marie-Dttvy s element consiats ot a carbon pole in a paste of protosolphate of mercmy utd 
water eontuined in a porous pot, and a zinc pole in dilute aulph uric acid. Fig. 7167 repreemtsa 
portable form of this faatterv, well adapted for travelling and t(«ting pnrpoees. The poles ate ms- 
peoded in a glass jar sealed at the top. This is a pow^ul and oonstont bntteiy. 





. , gaprismol ^ _^ 

piztare.^ghtly packed, of peroiide o( manganese and carbon. Tbe wlmle is contained in aglosL 
jar, as in Pig. 7168. This element is powerful, clean in its aotion, and doee not deterioiate when 
not la use. It is much employed on the French railways, but it has not met with much favour iu 
Ungland. 
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Fig. 7169 ia a oommoa modiflcatioD of Darnell's battery. It conBuia of a teak troagh divided 
into odla by plates of slate, the whole being covered witli marine gloe. The cells are subdivided 
by porous divisionB, and the zinc and copper plates are suspended alternately in the divisions thus 
formed. Usually this form of battery couHists of twelve celb. 

Another modification of Daniell's, and known as the Globe Beservoir Battery, is represented by 
Fig. 7170. This form is more constant and regular in its action than the preceding ; it will last for 
a period of from twelve to fifteen months without attention. 

Wire, — ^The most durable portion of a line of telegraph is the wire. In no instance has it been 
necessary to re-wire even the oldest line when not exposed to any specially destructive agency. The 
kind universally adopted for land lines is galvanized iron wire, and experience has shown that it is 
admirably suited to the purpose. But durable as this wire is when erected in the open country, in 
towns, and especially manufacturiog towns, it id quickly destroyed. The same destruction also takes 
place in tunnels and in the neighbourhood of ohemicid works. Attempts have been more or less 
successfully made to protect £e wire from these influences by means of paint, and, in some 
instances, gas-tar. If the operation ia performed at the manufactory, the pamt, or other coating, 
will be rubbed off in transit from place to place and in course of erection, and as corrosion wm 
immediately be set up at such spots, the benefit of the coating in other parts is nulllAod. On the 
other hand, the difficulty and expense of painting after the wires are fixed to the poles are ^^raat. 
The piuoess can, however, be easily performed on the ground before raising them to their positions 
on the poles. But in this case, unless great care be exercised to prevent the removal of tne paint 
from the points of support, as well as to ensure the wires being perfectly diy, the results will not be 
satisfactory. The only plan that may be regarded as reallv sucoessfid, is to run the wire through 
paint or some bituminous preparation^and to immediately spin round it hemp or cotton well 
saturated with the same compound. This protects the coating fi!t>m abrasioo, and also forms of itself 
an efficient protective covering. 

On the continent of Europe it was a common practice to use ungolvanized wire of a larger gauge, 
the extra quantity of metal being supposed capable of giving the wire as k>ng a life as the smaller 
galvanized wire. This practice has never been adopted in England, and it is being discontinued 
elsewhere. The process of galvanizing slightly hardens the met^ and considerably lessens its capa- 
bility of stretching ; but its ultimate tensile strength does not seem to be affected by the operation. 
To test the thickness of the zinc coating, dissolve 1 lb. of sulphate of copper in 5 lbs. of water, and. 
plunging the wire. into the solution, let it remain immersed one minute; then wipe it clean, ana 
repeat £e process four times. If, alter the fourth immersion, the wire still appears black, the zino 
has not be«i all removed, and it may be thence inferred that the galvanizing was well performed. 
But if the wire has a copper hue, the iron has been exposed, thus showing that the coating was too 
thin. 

The qualitjr of the wire used for telegraphic purposes is a matter of the highest importance, and 
one that usually receives very careful attention. For it must be borne in mind when specifying 
wire, that frequent derangement of the line in consequence of breakages will speedily absorb a 
small saving effected in the first cost, besides which, the annoyance caused by such derangements ia 
veiy great. It may be observed, however, that great tensile strength is not of primary importance 
for ordinary work. What is required is rather a wire that will bear the beading necessary to make 
joints, and to fix it to the msnlators, than one that will bear a great tensile strain. Telegraph wire 
may be tested for this quality by placing it in a vice and ascertaining the number of times it may 
be bent to a right angle without breaking. Care must be taken that the edges of the vice do not 
out the wire, or the results of the experiment will be vitiated. Soft wire, though of inferior tensile 
strength, will bear this test better than hard wire. 

Wire is prepared by being drawn down to the required size fh>m rods of rolled iron. These rods 
should be perfectly fh>e from cinders or dirt, as the presence of such impurities would occasion 
imperfections in the wire. All imperfections of this nature, as well as splits in drawing and 
imperfect welds, should be carefully sought for and broken out before the wire is erected. For 
this purpose, it was usual formerly to lay the wire out in the line and to stretch it, and as this 
stretching removed all tendency to spring and curl from being coiled in bundles, the process was 
termed killing. Wire when killed is very easy to handle. This killing is now done at the manu- 
factory by stretching it over a drum after it has been passed between rullers to break out the splits. 
The expense of these operations will be amply repaid by a decrease of labour in erection and fewer 
intorruptions of communication occasioned by breakage. It should also be observed that killed 
wire is scarcely acted upon by the wind at all, for it may be seen hanging comparatively still on the 
poles, while others which still retain their irregularities are swinging violently to and fro. These 
irregularities are also liable to occasion permanent contact, should the wires be blown together. 
8uch an accident cannot occur with killed wire. 

The operation of jointing telegraph wire is an important one, and demands great care. The 
roost approved form of joint is that known as the Britannia, Fig. 7I7I. This joint is made by 
bendine up the ends of the wires to be 

joined, oinding them firmly together with Ti^^- 

binding wire, and afterwards soldering S mimillllf 

the whole. The binding wire used for r i rimrilliHIl 




this purpose is, for No. 8 gauge, Ko. 16 

B. W. O., and for larger sizes. No. 14 B. W. G., of the beet charcoal hron galvanized. A twisted 

joint is not so strong as the Britannia, because the twisting renders the iron more liable to 




_ igards conducting power 

oleauing the ends and casting an ingot of metal over them, is not sufficient. Electrolysis, and con- 

sequentiy corrosion, invariably occurs in every connection if moisture is present. Chloride of zinc 
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is uged for Mdering ; bat when applied to an^ but Mffeotly clean and Inight irird, it ahoidld oonloin 
a sufSeient quantity of free aoid to diasolve the oxide and remove the dirt It is important that the 
operation of soldering should be performed qni<^y, and at as low a temperatore as possible, espe- 
cially with hnrd wire ; because ine heat sofkens the metal and diminishes its tensile strength. As 
regards str^gth, joints are greatly superior to welds, but a practical difficulty prevents their general 
adoption. When the wires are blown together, joints are very liable to catch and cause permanent 
contact, occasioning, of course, a stoppage of communication. Fur this reason, they should not be 
used at a greater distance than 10 ft. from the poles. To get rid, as far as possible, of both joints 
and welds, it is desirable to draw the wire in long lengths. As much as 80 Ibe. of No. 8 wire, equal 
to one-fifth of a mile in length, may be drawn in one piece. 

To test the tensile strength of telegraph wire, it is usual to place a length of 10 in. in a 
hydraulic machine; this length is chosen to render the calculation of the percentage of strain and 
elongation easy and convenient. Tested in this way, a good piece of No. 8 wire will break with a 
strain of about 1300 lbs. If tested with a scale an<l weiglits, and sufficient time is allowed fur the 
wire to stretch after each addition of weight, it will break with a less strain, or about 1100 Iba 
That such should be the case is self-evident when we consider that elongation dimuushes the 
sectional area of Uie wire. The scale and weights afford the best test, since it approximates more 
nearly to the actual conditions that obtain in practice. Good wire begins to streten with about half 
the breaking strain. It has been asoertoined that when a sample will break in thetesting machine 
with a strain of 1800 lbs., a length of 88 yds., which is the distance from pole to pole when there axe 
20 to the mile, will break in practice with a strain of about 1000 lbs. The following Tables of 
examples of sketching and brealdng strains are given by Culley. The first Table shows the 
results of 27 different samples tested m 10-in. lengths by ^e hydraulic apparatus. 



Ko, 8 Oaugi, 

Diameter before testing 

„ after havinffoeen brokrn .. 
Percentage of stretch before breaking 
Strain required to stretch the wire .. .. 
Breaking strain 

JVb. 11 Ocmge. 

Diameter before testing 

„ after having been broken .. 
Percentage of stretch before breaking 
Strain required to stretch the wire 
Breaking strain 



0-151 in. 

0-140 „ 

20 

672 lbs. 
1318 „ 



0-115 in 

0-106 „ 

20 

505 lbs. 

776 „ 



0-147 to 0-153 in. 
0-136 „ 0144 „ 
19 „ 25 
600 „ 750 Iba. 
1250 n 1^0 „ 



0-112 „ 0-120 in. 
0-100 „ 0117 



19 .. 25 



ri 



»» 



400 „ 600 lbs. 
740 .. 850 ,. 



The following are means of ten tests of wire of the same quality and from the same makers^ 
tested in lengths of 83^ in. by scale and iretght^ adding 5G lbs. at a time, gently and without jerk, 
and waiting until the wire had ceased to stretch before adding more weight ; — 

Percentage of stretch before breaking 11*2 

Strain required to stretch the wire 90^ lbs. 

Breaking strain .. .. 1132 „ 

The following trials show the effects of annealing and of galvanizing ; — 



HaSIraiL 



No, 1 Sample, 
Before galvanizing 
After H 

ifo. 2 Sample, 

Before galvanizing 
After 



n 



. * 









Mean Breaking 
Stndn. 



Um. 

1138 
1169 



1090 
1194 



Mean Percentage of 
Stretch before breaking. 



18-75 
12-88 



19-39 
13-09 



HOXOGSNSOUS IbON, NoS. 11 AJXD 12. 


- 


Breaking Strain. 




• 


Mean. 


Kztieinea. 




Before annealing 

After „ 

Before galvanidng 

After „ .. .. 


910 lbs. 
612 „ . 
612 „ 
634 „ 


830 to 1060 lbs. 
560 „ 700 „ 
560 „ 700 „ 
560 „ 700 „ 


-92 0-75 to 1-25 
2005 1700 „ 21-50 
2005 1700 „ 21-50. 
11-64 900 „ 15-00 
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The prooMi of galTaoiiiag has been improyed ginoe these ezperimenle were made, so that the 
elontfation lis not now so mooh aiEeoted. 

^e following Table, also due to Cnllej, shows some useftd and important fiRots lelating to ixen 
telegraph wire. 



B ttr 


DIaBMter. 


Axwof 
BaeUon, 


Wdghftof 

lOOYaidi 

tnltt. 


Wdgfaft 
of 1760 

T«rd« 

Inlbi. 


Weight 

ofaon 

Tudt 

inlbt. 


Length of 

IGWL 

inyardg. 


BMUng Strain In Ibi. 


B.W. 
Oftnge. 


B. W. 
OftOgl. 


InchM. 


MlUt- 
niMrak 


Soft 
Wlw. 


Eaid 
Wlw. 


00 


0-363 


9-21 


0-103 


102-00 


1794 


2068 


110 


8600 


6000 


00 





831 


8-40 


0-086 


84-72 


1490 


1718 


182 


7100 


4750 





1 


0-800 


7-61 


0-071 


68-75 


1210 


1895 


162 


6000 


4000 


1 


2 


0*280 


7-11 


0-062 


59*90 


1054 


1215 


187 


4850 


3400 


2 


8 


0-260 


6-60 


0-053 


51-65 


909 


1048 


215 


4000 


2900 


8 


4 


0-240 


6-10 


0-045 


44-00 


775 


895 


255 


3400 


2500 


4 


6 


0-220 


5-59 


0*038 


87-00 


651 


750 


803 


2950 


2200 


5 


6 


0-200 


5-08 


0031 


30-56 


538 


620 


861 


2500 


1800 


6 


7 


0-185 


4-69 


0-0265 


26-15 


461 


581 


428 


2200 


1520 


7 


8 


170 


4-31 


0023 


22*10 


889 


448 


509 


1750 


1200 


8 


9 


0-155 


3-98 


0195 


18-36 


828 


878 


609 


1500 


950 


9 


10 


0-140 


3-55 


0016 


14-97 


264 


805 


747 


1200 


820 


10 


11 


0125 


3-17 


0-0125 


11*95 


211 


244 


989 


820 


650 


11 


12 


0110 


2-79 


0*010 


9*24 


168 


188 


1244 


710 


510 


12 


13 


0095 


2-41 


0-0071 


7-05 


124 


143 


1589 


640 


400 


18 


14 


0085 


2-15 


0-0057 


5-51 


97 


112 


2081 


510 


850 


14 


15 


075 


1-92 


0-0044 


4-29 


76 


87 


2608 


410 


800 


15 


16 


0065 


1-65 


0-0033 


8-22 


57 


66 


8478 


850 


200 


16 


17 


0057 


1*44 


0*0026 


2-48 


44 


50 


4515 


280 


150 


17 


18 


0050 


1-27 


0-0020 


1*91 


84 


89 


5600 


200 


115 


18 


19 


0045 


1-14 


0*0016 


1*55 


27 


81 


7246 


150 


85 


19 


20 


0-040 


l-Ol 


0-0013 


•1*22 


21 


24 


9168 


100 


65 


20 


21 


0-035 


0-88 


0-0010 


094 


17 


20 


11980 


85 


50 


21 


22 


0030 


0-76 


0-0007 


0-69 


12 


14 


16800 


65 


40 


22 



The Speoifieation of the £leotrio Telegraph Company for iron wire was as follows ,*— 

^ The wire to be highly annealed, and very soft and pliable ; it is not required to _ 
great tensile strength, but must be capable of elongating 18 per^ cent, without breaking after 
galvanizing. 

" To be supplied in not less than 80-lb. pieoes, and to be warranted not to contain any weld, 
join, or splioo whatsoeyer, and to be free uom all imperfections, flaws, sand splits, and other 
defects. 

^* The whole of the wire to be passed under and oyer three or more studs or pulleys placed in 
two lines, the wire pasdng oyer the pulleys in the upper line and under the others. 

'*The whole of the wire to be stretched 2 per cent, by machinery in the presence of the 
company's engineer or lus representatlTe, and to oe tested, examined, and approved by him befor 
leaviDg the works. The wire after being stretched to be coiled carefmly, so as to contidn no bends 
but to resemble newly-drawn wire in its straightneas. 

*' If during the proceas of testing the wire oetween the studs or pulleys, or during the process of 
stretching it, more than 5 per cent, of the bundles break, crack, or show any defect, the whole of the 
broken buncues to be rejected. If less than 5 per cent, proye defectiye, uie wire will be accepted. 
The makera are not to attempt to weld, join, or oUierwise splice any wire that may break or proye 
defective, but deliver it as it comes from the testing." 

In ordering wire, a surplus of about 10 per cent, should be added as an allowance fbr slack and 
waste. 

The sixe of the wire used for telegraph purposes Js a matter of importance, and will to some 
extent be determined by Uie conditions under which the line is reouired to work. The accompanying 
diagram. Fig. 7172,diow8 tlie natural sizes of the wire used for telegraphio purposes. ThelaigerUie 
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wire the greater its conducting power, and the less its electrical resistance as compared with that 
of the insulators. In other woroa, the larger the wire, the greater the strength of the aignal, which 
can be transmitted through it to any nven distance. Thna the eifecta of bad insulation cpm be 
oompensated, at least to a considerable degree, by increasing the size of the wire. The size usually 
adopted is that known as No. 8, Birmingham wire gauge, and it hss been proyed in practice to M 
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amply sufficient in oonduoting power, when insolation is goodj for eiicniis not exceeding 400 milet. 
For railway purposes and short circuits generally, if economy m first cost is an object of importanoe, 
smaller sizes may be used. No. 10 will in most cases be sufficiently large, and for circuits of 100 miles 
No 11 may be employed. If the circuit does not exceed 50 miles the latter size will be ample. For 
military telegraphs, where the circuits are short, and the wire has to be run up quickly, No. 12 is a 

AVI I ^O-i il A fil XA 

But in order to carry out economy in this direction, insulation musi be good ; for it must be 
borne in mind that the conductibility of a wire is, other thin^ being equal, in proportion to its 
size. Many instances might be cited in which, for moderate circuits, a No. 8 wire having worked 
badiy in consequence of imperfect insulation, the difficulty has been remoyed by the substitution 
of a larger wire. Culley relates how the Admiralty circuit of Na 8 wire between London and 
DevonpOTt worked badly some years since when insulation was comparatively imperfect. Com- 
plaints having become firequent, a No. 4 wire was substituted between Bristol and Plymouth. This 
wire was not better insulated than the smaller one, perhaps even not so well ; but as soon as it waa 
phiced in ciicuits the complamts ceased, and have not since been renewed. Again, a fault occurred 
m the underground wire between Leith and Edinburgh, connected with the London and Leith 
cirouit, which was of No. 8 wire. In this case, as in the former, the substitution of a No. 4 wire 
removed all difficulty in workiog, and the repair of the faulty portion could be proceeded with at 

leisure 

The length of span, or the distance from one support to the next, is determined by numerona 
conflicting conditions. Obviously the fewer the supports, the better will be the insulation, and as 
a reduction in the number of the supports diminishes at the same time the cost of construction, 
there are weighty reasons for making the span as long as possible. In the early days of telegraphy, 
the poles were set 30 to the mile ; this number has been reduced to 24, 20, and, in a few instances, 

17 ^n increase of span, however, introduces other conditions which speedily render farther pro- 
gress in that direction unprofitable. It does not appear that the wires have a ereater tendency to 
blow into contact with each other in long than in short spans, provided they be all of the same 
eaugo and are equal in tension, as under such conditions they keep tune together in their oscilla- 
tions This objection therefore, thoueh it has frequently bien urged, is not a grave one. But a 
moio important objection, and one that rendera a less number than 20 poles to the mile in most 
cases a practical impossibility, is the risk of accident consequent on the additional height of the 
poles, rwidered necessary by the greater dip, and the increased strain on the vrires. The number 
ustudly adopted as best fulfillmg the conditions imposed is 22, which gives a distance of 80 yds. 
from pole to pole, a convenient number for calculation. The ordinary dip on the wired in a span of 
this length is about 18 in. in mild weather ; this gives with No. 8 wire a strain of about 420 lbs., 
its breaking weight being, as we have seen, 1100 lbs. The strain varies directly as the weight of 
the wire, and inversely as the dip or versine. When the latter is constant, it increases as the 
square o'f the span, and when the strain remains constant, the dip or veraine increases in like 
Eumner -or L« * P : : V : ©. Thus if the dip be 18 in. when there are 22 poles to the mile and 
the strain 420 lbs., with 11 poles to the mUe we shall have a dip of 6 ft., or, if the dip remain at 

18 in a strain of 1680 lbs. From this it will be at once seen that a span of such a length is prac- 
tically impoasible. To find the strain in lbs. and the dip in inches approximately, the following 

formula are given by Latimer Clark ; » = g^.^g ^ ^ , and « = g^ .^g ^ ^ , in which a is the 

■train, v the dip, I the length of span in feet, and to the weight in cwts. of one statute mile. 

Another objection to the adoption of long spans is the friction of the wire upon its supports 
occasioned by the action of the wind. In some instances where the wire has been supported upon 
very hard and smooth brown ware, and the spans have been short, no appreciable wear has been 
caused by this means in twenty-four years. But when tlie spans are long, and especially when the 
wires are supported upon soft porcelain, the wear is very rapid. And it must be borne in mind that 
as soon as the zinc is rubbed off; gsJvanic action may be set up so as to corrode the iron. No. 11 
wire so frequently breaks from this cause on long spans that it has been found necessary to protect 
it at the supports by wrapping it with binding wire. Even No. 4 has been chafed on spans of over 

100 yds. 

in wiring a line, allowance must be made for variations in temperature. With 20 poles to the 
mile a dip of 14 in. in a No. 8 wire is equivalent to a strain of 540 lbs., and the difference in dip 
between 54^ and 25^ Fahr. has been ascertained to be 3 in., so that if a wire- be pulled up to 14 in. 
in mild weather, it will assume at 25** a dip of 11 in. only, which is equivalent to a strain of 
700 lbs., more than half its breaking strain. OuUey mentions an experiment in which a 20()-ft 
lencrth of No. 8 wire was suspended between two rigid supports so that the dip could be read off 
upon a scale. The results were a dip of 17 in. at 33% 18 5 in. at 43°, 195 in. at 63°, and 2025 in. 

at 63°. 

The wire should be always tighUy bound to the insulator, so as to reduce the friction toft 
minunum. Formerly it was usual to allow the wires to pass freely through the insulatore, and to 
strain them by a drum or ratohet at every half mile. ThiB method allowed a broken wire to run 
down half a mile in every case. The present practice is to bind the wire to every pole, so that it 
can never, if properly bound, run down more than 100 or 200 yds. The wire used for bmdmg is 
No. 16, and care should be taken in applying it to make all the turns in the same direction, as 
otherwise it will not be firm ; for the main wire is twisted somewhat in the process, and when it 
resumes its normal position, one side of the binding wiU be slackened, if the turns are made m 
opposite directions. When the position of the poles is changed, or when a line is reset, the wue 
should be carefully examined, and worn places either cut out, or, if the wear be sbght, bound over 

Thedirtan^through which a broken wire will run down is shown by the following experiments, 
related by Culley, to depend very much on. the way in which it is bound;— 
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1. '< On a line of 24 polee to the mile a No. 4 wire waa bound with a single No. 16 wire at each 
inBulator, and securely soldered so that it could not slip. When filed through in the middle of its 
length, it tore itself from the fastenings througliout the whole distance. 

2. ** Next it was bound as before, but soldered at every fourth pole. It then broke away from 
20 poles only. Here the unsoldered bindings allowed it to slip a little, and so eased the strain. 

3. ** Thirdly, it was bound doubly strong, but not soldered. The first binding stretched a little, 
and all the arms were strained, but it did not tear itself away from a single pole. The wire, tiiere- 
fore, should be so bound as to slip a very little at each support, and so prevent a sudden jerk.** 

The wires should be placed as far apart as nossible upon the poles, to prevent their being blown 
into contact with each other. As they are stiU more liable to contact in the vertical plane, arms of 
dilTerent lengths should be used so that the wires may not hang vertically one over the other, or 
when space is limited, the insulators may be alternate instead of opposite. By these means, the 
danger of a broken wire falling across the others is obviated. 

Polea, — ^The material employed for telegmph poles is generally wood. Iron is, in many respects, 
a more suitable material, it is stronger for a given size, lighter in appearance, and far more 
durable; but the difierenoe of cost is at present too great to allow it to complete successfully 
with wood. Except in certain cases, therefore, which we shall describe later, the latter material 
continues to be employed. 

The dimensions of a wooden telegraph-pole are usually 18 ft in length by a diameter of 5 in. 
at the upper end. For level crossings, bnages and terminal poles, greater lengths up to 25 fl. are 
required. In all oases they should contain the natural butt of the tree, the tops of trees being quite 
unsuitable for this purpose. The latter are sometimes employed wnere economy in first cost is 
considered to be of primary importance ; but their rapid decay renders the subsequent cost of main- 
tenance proportionately great, and when the difficulties attending a frequent resetting are ktken 
into account, they must be considered as leading to* a fifilse economy. The kind of wowl employed 
is generallv larch ; other kinds are, however, suitable. Memel pine is very durable, but is too 
expensive K>r common use. Pitch pine is still more lasting: the original poles on the London and 
South- Western Bailway were of this pine, and many of them are still sound. 1874, though they 
were erected nearly thirty vears ago. Spruce and Scotch fir decay very quic^y, oeing scarcely equal 
in durability to the tops of larch trees. 

Larch should be out in the winter when the sap is down and seasoned with the bark on. The 
bark must, however, be removed as soon as the seasoning is complete, or the wood will be attacked 
by insects. During the process of seasoning, the poles should be so stacked that they may be 
exposed to the windon all sides. Larch grown upon hilly ground is mors durable than that raised 
in other situations, by reason of its containing more heartwood. But such poles are seldom 
straight Unseasoned larch lasts, on an average, about seven years ; when properly prepared and 
seasoned, it will last twice as long. If grown upon hilly ground, and having consequently the 
heartwood well developed, unseasoned larch will last from twelve to fifteen years. The durabi- 
lity of unseasoned poles may be considerably increased bv charring them over a slow fire. But in 
such a case they should not be tarred or painted until they have stood longenough to become 
seasoned, or the wood will decay under the tar while remaining sound above. When the seasoning 
has advanced sufficiently, the ground around the pole should be opened for a depth of about a foot, 
and after the pole has become quite dry, the tar applied. The results will be more satisfiewtory if 
the tar be applied hot With seasoned poles, the application of the tar should follow immediately 
the process of charring, before the wood has had time to cool. 

Chemical means of preserving wood have been suooeesfully applied to telegraph poles, and the 
constantly increasing cost of timber will probably lead to tneir general adoption. Only two pro- 
cesses have hitherto been found to give satisfactory results, namely, creosotmg and boucheriiyig. 
The former does not ful in any soil, and it possesses the advantage of not corroding iron. The 
injection, however, can only be carried on at a large dep6t by reason of the appliances requislta 
Boucberizing is free f^m this obiection, as the necessary apparatus is both inexpensive and 
portable ; and as the process may be readily overlooked and performed, it may be carried out in 
the forest. The method of creosoting is so well known that we need not describe it here ; a few 
remarks on it will be found under Kyanizing. 

Wooden poles should be set from one-fourth to one-fifth of their length in the ground, according 
to the nature of the soil and the strain they will have to bear. With a less depth of setting, they 
will not have a sufficient hold on the ground in wet weather. Even with a depth of one-fourth, 
poles are frequently Uown out after a long rainy season, if the soil be weak. The severest strain is 
thrown upon the poles when a snow storm, in which the snow freezes upon the wires, is succeeded 
by a high wind. Against such a case no practical strength of construction seems secure. 

On curves, and especially where the direction of the line is changed at an angle, stay-wires are 
required. These generally consist of two or tliree lengths of the line wire twisted together and 
fixed to a plate buried torn 18 in. to SO in. beneath the surfiftce of the ground, or to some other 
more convenient obieot. About 5 per cent of the wire used is required for stays. 

Wooden poles aecay most lapidly at the ground line, and the^ are frequently repaired by 
soarfinff at their point But to ensure satisfactory results, the repair must bo effected befbre the 
decay nas progrused &r, and well seasoned or creosoted wood should be used for the scarfs. 
The experience of many tedegraph engineers, however, seems to show that repairing poles does 
not pay. , 

Iron poles, on account of their more elegant appearance, are being substituted lor wooden ones 
in towns. They are also very suitable for use in foreign and especially mountainous countries, 
because, being capable of separation into parts, their tranj^xirt is more easily and cheaply effected. 
Another, and frequently a great advantage, is that they are proof against the ravages of the white 
ant Figs. 7178, 7174, represent a wrought-iron tubular pole as manufactured by Warden and Go. 
It consists of two parts, a cast-iron base and a wrought-iron stem. The base is made in two halvei^ 
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ud iB4 ft.in length, 8 ft. of Ihli length being fixed bekw ^toimd: Uu two hklfM enbnoa tba 



■od that of tbe 19-n. stem TOlbe., m»kiiig the total wei^t of the IS-ft. pole ISO lb*. Tbeu polM 
an klao manufiicturod in a form niitable tor ate ou rook, abere it ie not poNible to Huk a pole of 
enffioient size to receive the ordinar; baae. The out-iion bus li, in tfaii oaae, diapenaed wiUi, and 
the base of tlie tube is aeouied to the rook by menu of a jogged bolt leaded Into the rook. Iron 
etavB of strong gti»-tipe aro need to support tiie pole. The stajs haie eoieved ends attaohod to 
ooliara snrrouutUQg the polo at about 1 ft. tram the gronnd, the lower end* being piOTided with 
Jagged bolts also iMded into the rook. These poles aio exteDsively naed on the Uelbi, KUoritiiM, 
and ft""*" other railways, where the; are nld lo nuve been Ibimd Teiy efflcieot. 
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Figs. 717S, 7176, a east-irou telesoopio pole by the a 
pleoes wholly of oast iron. Tbe base Is oooicftl, Uie gnu 

stem oonslsta of two tubes tapering ia the conttaiy dirertion to uie iwse. ine upper leugu 
aockats over the lower section, trhieh In its tnm sockets over tbe base ; an iron rod or wire secored 
at both ends is passed thioogh the Interior of the pole to keep tbe parte flimly together when in 
use. A cast-iron sQcket-piooo is fliod to the top of tbe pole, into whitji sodret-piMe a suitable 
support for the oross-arms and insnlators is fitted. 

Theee pales pack very conveniently for transit, the parts being so arranged tbftt they slids odb 
into the otliur for this pnrpose. The weight of sa IS-ft. pole oomplete is about 2 cwt 

Figs. 7177, 717S, are of Morton's ovnT tel^npb poif, coosieting of a, galvsniied wroogbt-inm 
tapered tube, in two pieces, riveted together. The lower end of tbe tube is fitted with a cast-iron 
foot or base, and a wooden lop, finished by a small galvanized csst-iron cap, whioh may or may not 
support an insnl&tor, is socketed into tho upper end of the tube. The section of the tnbe is oval, 
and the rib or flange containing the rivets, on each side of the pole, is further stiffened by a plate 
of iron inserted between tlie Bangee ; this adds greatly to tbe sbength of the pole in the direotion 
in which strength is chiefly required. 

The galvanized -iron tube is 12 fL in length. The wooden top varies according to the deaired 
leDetbofthepole; for an 18-fl. pole its length is 6 ft., and its diameter at top 3} in. The weight 
of the tube and cast-iron foot is 98 Ibe, and that of the wooden top, 20 lbs., making the total wei^t 
of an 18-ft. pole complete, IlSlbs. 

Inmialori,— There are many sobstances whicli Insnlate well, but which, from their not poeaeea- 
Ing certain other qnaUtiea, ate qnite uunitable for pnrpoaea of lomlathni. In obooaiiig a material 
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{tunlftte pcrfertl; Independentlv oT the nature of fti 
prooeM of slMlDg en intnletra it not to imprare tba 

niatinK quaJitieaot tlie meterial, but to give it e bMdnnootb foifMe tbet ilieU beenedTUi- 
lage in other reipeote, the object of gluing being ohieflr to prevent the neerine of the wire hf 
friction, and the edhedon of dnat «Jid diit. Another condition it that the nutterltu abell reeltt the 
depceitioD end the retentkm of moirtnie. Tbua e | oroua Bubstenoe la quite iui«aitable> The onlj 
materiel that inanlatea perfectly And posMMce natnrall; a hard amooth mrfaoe ia ^aai ; hot expe- 
rience baa shown it to pOMeta also certain ilefects wbioh have rendered ita abendonment neo n wery. 
Hoiatnre is very n^idly dc^weited on it, Kod in auoh a way aa to form ■ eontinnona film, and ite 
fragitity isFnohthat it cannot be relied npim. It ia. however, atill eitenaitely need in Switaerlend, 
and a novel, fona of iosnlator of blown-glBsa has been introdooed in America. Tho form ia thai 
of a narrow -necked bottle, and aeTenl trials made to teat ita effloienoy are leid to have givea 
RitiifaL-tory reeult^ Ebonite ia f or a time tbe beet available material fur inanlatora ; it inmlatee 
well, it very effectively reaiat* the depoaition of moiatore, Hnd it ia very strong ; but a few montha' 
eiuoaure lo almoapherie infiutnMia malcee ita nirfiioe rough and BpObgr, and oonaequwitly favour- 
able to the retention of moisture and duct. When in thia state, it la inferior to earthen' 

but we have only to re-polish it to rei . - - 

derect. however, renders it unsuitable f< „ 

beet aurrncG for resisting socamulatioos of dust and dirt, ai 

tbe line ia eipi«ed to smoke, dust, or aalt spray. It does not appeer to inrolate better than good 

stoneware, whilat its coat is muoh greater. Brown stoneirare u tbe cbeapeat, and for ordinary 

use tlie beet, material for inanlatora. It is usaally made ttom day dug on the spot, end as it doM 

not require an admiitoro of otker materials, it is likely to be nnironnlj good. 

The forma of ioBulaton are vorf vnrioiu. The taoat approved, buI those whioh are now moet 
oommonl^ uaeJ, are known as Clark's and Varlev's. Figs. 7179, 7180, represent Clark's insuletote 
ill elevation and section. It consists of a doable bell in white poroel^, end is provided with at^ter 
galvanized wrought-iron stem. This form of insulator is extensively used, and wheu of fcCDwn 
stonewMie is found to be both elDdent end eoonomical. Figs. 7181, 7182, are of Terley's double 
Insulator. It is of brown atoneware. and Is fitted with galYtmiiwd wrought-iron iboulder-bott anil 
nut. These inauletora consist of an outer and an inner bell, manufaetiued and taatad separately 
before union. They are made in three sizes to suit No. i. No. 8, and No. 11 wire. For efficiency 
and economy of maintenance tliis form of ioinlntor is probably unequalled. Figa.71S3, 7184, an iron- 
protected iiunlator, oonsiating of a double bell of either wtute porcelain or stoneware, protected hf 



a render its behaviour M good aa when Urat erected. Booh k 
le for general adoption. Next to glass, praralain pcMCMee the 
tioDs of dust and dirt, and for this reesDU it Is aeleeted wherever 




being washed hj the rain. Fig. 7186 li 



a form of terminal insulator, known ss the 



nmbreUa form. It tunally roniista of a stout insulator of cither porcelain or stoneware, and fa pro- 
vided with a strong nlvaniied bolt, with nut and waahHrs, so as to be suitable for both woolen and 
ironarma. Bright> donble-bell shackle inmlalor fur terminating wirea is repreaanted in Pig. 7187. 
There are of porcelain, and tbe atmpa and bolts sre either painted or galvanUed. This form of 
Insulator may be fitted in pairs, as shown in Fig. 7188, Ibr terminating and leading in wires to 
■tationt, or fur use on sharp curves and at anglce. 

The advantage* of iron cape have been greatly ovensted. Indeed, it aeema probable that, except 
In oertaiD expoeed titnations, their nte la attended with poeltive disadvantage: tat, though they 
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keep the outer snrfaoe dry, they do not prevent the aoonroulation of dnst, and they afTord a Larboor 
for msects, especially spiders, whose webs oonduot when damp, lioreover, they do not altogether 
prevent the deposition of moisture, so that this advantage which is claimed for them is not wholly 
real, while, by protecting the snrfaoe from tiie washing action of the rain, they tend to aggravate 
the evU caused by dust The only means of protecting insulators against the latter is to make 
their surfaces hard and smooth, and then to leave them completely exposed to the weather. This 
is especlEtlly the case with coast lines, where the deposition of salt is more troublesome than dost 
For this reason an insulator should not be placed under an arm, but above it, as in the former case 
the surface of the insulator is partially protected, and is consequently always dirty. In some 
parts insects are very troublesome, and when the line passes near or under trees, it is well to make 
the openings of the insulators wide so as to be less attractive to insects and more easily cleaned. 
Paraffin oil is perfectly effectual in repelling insects for a time, and it possesses the additional 
advantage of improving the insulation ; the latter effect will last six months. Creosote in the poles 
will also repel insects so long as its smell remains. 

To test insubitors in the tirough, plaoe the insulating cup in a vessel of water made slightly 
acid; some acidulated water being poured into the cup, smear a little turps on the rim, and let it 
remain twenty-four hours. At the expiration of this time inmierse the poles of a battery in the 
water, one inside and the other outside the cup, a very sensible galvanometer having been included 
in the circuit. If the needle exhibits any deflection, the oirouit is complete, and consequently the 
insulator is imperfect The imperfection usually arises fh>m porosity and cracks in the matenaL 

Gulley gives the following method of ascertaining approximately the comparative value of 
different shapes; — 

** The best method of testing is to fix as large a number as convenient, certainly not less than 
ten of each kind, upon a pole, connecting them by a wire to the present line wire, and fixing a 
second independent wire to their bolts, to represent the earth, and to determine the leakage firom 
one wire to the other. 

** To obtain good results, the following precautions are necessary : — Fix a pole not lees than 
20 ft high in an open nlaoe not sheltered in any way on any side, place the arms on which the 
insulators are to be flxea at least 2 ft. apart, the insulators themselves a ibot a^Mirt. Do not place 
all of the same kind together, but rather alternate or mix them as much as possible so as to ootain 
an average of exposure for all. 

"Take special care that the wire representing the line touches each one closely all ronnd and 
uniformly as to the number of turns ; let it be aU the same gauge. The object is to ensure equal 
surfaces of metal in contact with the porcelain, because the leakage takes place from each point of 
the wire over the surface of the insulator, and consequently if the wire does not touch uniformly, 
the leakage will vary with the variation of the surfisuses in contact If possible, divide each set of 
ten in half, making duplicate sets of five each. If these do not test alike, there is probably a defec- 
tive insulator among them, which will vitiate the test, and which must be removed. Never use 
separate gutta-percha or other insulated leads from each set to the testing room, for these will 
become more or less damp on their surface, and will vary in insulation, one ftt>m the other, more 
perhaps than tiie insulators themselves. Use only one wire, employing a man to shift it from one 
set to the other. 

" It is seldom that rain falls steadily and uniformly, so that if tiie testing lasts even five minntes 
there will often be a considerable difference in the amount of moisture durmg the interval. After 
testing all the sets, commence again in the reverse order ; if the two series agn-e, the c^wervation is 
a gooa one. As the object of such tests is not so much to find the absolute resistance of the several 
specimens as to ascertain their relative value, it is better not to oocnpv time in testing units, but 
rather to read a simple deflection so that the tests may be made as rapidly as possible, ensuring the 
greatest possible uniformity of circumstance ; but, with the greatest precaution, the tests will fre- 
quently be extremely anomalous. 

'* Speaking generallv, the best insulator is not that which tests best when ouite new, but that 
which bears exposure the best ; and therefore no tests are of any value which have not extended 
over several months. However carefully this experimental testing may be conducted, it is not alto- 
gether satisfactory ; the only true method is to insulate two wires on the same poles for a distance 
of ten miles or more, and to test them every damp day for six mouths. It is useless in any case to 
test in diT weather. 

'^I will give the result of tests made in a situation quite free from insects, but somewhat smoky 
— Gloucester Boad, Begent's Park, during twelve months, 1868-69 ; — 

Mean Comparative Lose, 

Brooks' double cup (American gkas) 5 parts leakage 

Varley's ordinary size .. 20 „ „ 

Porcelain .. 26 „ „ 

Double cones, porcelain 51 *» n 

Shackles „ 82 „ „ 

''The porcelain iosnlators were very much wider than the Varley's to render them less liable to 
be blocked up by insects. The test, therefore, does not show the difference between jatoneware and 
porcelain so much as that between a wide and a narrow opening. 

" The effect of iron cape may be judged from the following ; — 

Porcelain, without caps 38 parts leakage. 

„ with open cape (or cages) ..44 „ „ 

„ vnth closed caps 55 ^ „ 

Small earthenware insulator, without caps .. 40 „ „ 
„ „ ,1 with open caps 50 „ „ 
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** The tests also show that with a wide cap a bracket gives a better zesiilt than an ann, probably 
because splaahing is avoided : the leakage being 26 and 38 respectively. 

^ New insulators may be dipped while dry and hotin melted paraffin with excellent results, but 
it is not certain whether the suriace mav not retain dirt more easily." 

On short lines, good insulation is of less importance than on long lines. When, therefore, the 
line is a short one, simple and cheap insulators may be used, and their maintenance need not be 
very carefully looked after ; but when the line is long, it becomes necessary to employ the best 
kind^ and to keep them in a perfect condition. If the insulation is defective, and there are no 
practicable means for improving it» the resistance must be lessened. This may be effected either by 
using a larger wire^ or by diminishing the resistance of the apparatus. A method of reducing the 
resistance on long lines by the use of shunts has recently been tried with Rood results. 

Earth Wires ana Plates, — ^The use of earth wires being to intercept leaknge and to convey it to 
earth, it follows that they must make good earth or their effect will be rather injurious than other- 
wise. A good earth connection may be formed by attaching a thick wire to the pole, and coiling it 
in a spiral beneath the foot When the soil becomes dry from long drought, the earth wires become 
partially insulated, and they do not make good earth until the ground has become damp. The evils 
resulting from this may, in some degree, be avoided by placing the wires det^p in the ground, or in 
some cases, by conveving them to damp ground. From the main wire which is fixed to the side of 
the pole, branches of binding wire are carried to the insulators. They should be soldered to the 
insulator bolts or to the iron bracket holding the insulator, these brackets being provided with a 
turned iron pin for that purpose. When wooden arms are used, the earth wires may be wrapped 
dosely round them, or sunk in a saw groove. To convey the leakage through the wood, as well as 
that over its surface, to earth, ithey are screwed tightly between the head of the bolt by which the 
arm is fixed, and its wasiier. This method is, however, not so effectual as the former. If it is 
necessary to use earfii wires on viadacts, they must be run from pole to pde and put to earth at the 
nearest convenient place. 

The shorter the drouit, the more need there is for a good earth connection. Freouently the 
fnefflciency of a telegraph is due to the want of such a connection. In some localities this difficulty 
makes itself felt more than in others, those places being especially unfavourable where the rock lies 
61ose to the surface. Tlie plates used to form the earth connection, called earth plates, are of copper, 
and thev should be buried in the upright position in a narrow trench, which should be ffiled up on 
each side with smith's ashes or wood oharooaL Freouently good earth cannot be obteined from a 
single plate, and in such a case othera must be put down at distances of 20 or 30 yds. apart and 
connected by wires. When there are several circuits, the earth plates provided for each roust be 
placed at such a distance apart that the resistance of the soil between them may be much greater 
than that of the shortest circuit. If this should be impracticable, it will be necessary to increase the 
resutance of the shorter circuits by means of resistance coils, otherwise the tendency to leakage from 
the circuit of greater to that of lesser resistance will make itself felt When water or gas pipes are 
conveniently situate, they may be employed instead of earth plates. The former are preterable to 
the latter. Lead pipes are objectionable, for if the earth connection at one end of the circuit be a 
lead pipe and at the other end an iron pipe, a permanent current will be set up. For Uiis reason, it 
is safer to make a connection with a pipe out of doon. 

Underground Wires. — In towns it is often necessary, or at least convenient, to place a line of 
telegraph underground. Some yean ago attempts were made to employ the system more exten- 
sively, out these attempts ended in failure. The success, however, which has attended the use of 
ondeivronnd lines recently laid in towns shows that failure in f^e former case was due to bad 
manuiiiotaxo and imperfect methods. But t)iough an underground line, if laid now, throughout a 
great number of milee^ would certainly be an enginewing success, it would fail commercially on 
account ol the great excess of cost over pole>work. It is not therefore, likely that an attempt will 
be again made to extend the system b^ond the boundaries of towns, though withm those limits its 
adoption will probably soon become general. 

The mode of laying underground wires is either to draw them into a pipe, or toplaoe them in a 
kind of trough fitted with a movable cover. There are advantages attending each ofUiese methods. 
The wires can be much more easilv laid into the trough than £awn into the pipe, and there is aUo 
leas risk of injuring them during the process ; but on the other hand, it is much more difficult to 
execute repairs in the former than in the latter. Pipes are more frequently employed than troughs, 
and they have been found in all cases to fulfil the purpose required very efficiently. They are 
usually laid under the flagstones, and at every hundred yard& or doser, if the line be curved, are 
placed oUong drawing-in boxes, 80 in. by 11 in. and 12 in. deep; these boxes are provided with 
lids formod of an iron fVame, into which a piece of flagstone is set To prevent nsL the pines 
Bhould be tarred inside whUe hot n r tr^ 

Each wire is nsoally spun over with iupd. The percha and tape or hemp, if the latter be used, 
should be well oovered with Stockholm tar and sprinkled with dry, sharp sand. Oas tar should be 
avoided, as ito action is injurious. It has been propoaed to employ bitumen instead of pezcha or 
rubber, en acooont of the oost of the latter substances. Bitumen insulates very well, but with the 
present methods of applying it, it does not appear to give satisfactory results. 

The wirec are sometimes put together iu cables 400 yds. in lengUi atid covered wifh braided 
hemp ; but more commonly they are simply tied together in bundles. When repaira are required 
a new cable is connected in a locp between the sound and the faulty portions at one of the drawing- 
in boxes, so tliat the act of drawing out the old cable pulls in the new. The jointo sLould always 
be made at the same part of the cable, that they may oe readily found when necessary. All jointo 
must be tested by the accumulation process, and the conduetibility and insulation of each length 
fully ascertained both before the wires are laid and after. Indeed, almost as mooh ooze is required 
for a long subtenanean line as for a submarine cable. 

It has been finmd that when a buried wire beoomtt fkulty from the conductor having become 

9b 
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exposed through a defect ia the coating, the action of the positiye ourrent in signalling deoomposes 
the salts contained in the soil, and fonns combination with the copper of the wire. This tends to 
make the insolation appear better, while the negatire current increases the leakage by depositing 
ooppeir npon the wire and breakiiig up tlie badly-conducting mass formed by the copper current. 
For this reason the zinc current is always used in testing insulated wires. It may be remarked 
here, because the precaution is often neglected by workmen, that testing exposed pieces of coreied 
wire should be carried on in damp weather, for in dry weather a serious fault will hardly make 
itself apparent upon the apparatus employed. It is also well to accustom workmen to use a sensitiTB 
galvanometer in testing, as they usually judge of the degree of leakage by the amount of deflection 
shown on the instrument irrespectiye of its sensibility. A buried wire may be tested for msulation 
bj the tongue by ascertaining how long it will retain sufficient charge to produce a shook. It is 
oh^ged by a battery, allowed to remain insulated from one to ten minutes, and then placed upon 
the tongue or the lips. This method is said to be extensiyely employed in the United States. 

Testing Joints and for Distance of FauH. — ^The following lucid description of the methods of 
testing for the distance of a fault and of testing the joints in insulated wire is due to B. 8. CuUey. 

''^The methods of ascertaining the distance of a fault, measured in terms of resistance, in a 
oable where a wire is not broken, aro as follows ; — 

^ First, let it be supposed that a perfect earth connection exists at the fault. Then the resist- 
ance from either station measures the distance from that station ; that is, if the reslBtance is 28, and 
the resistance a mile 14, the fault is two miles oif. By testing from one station only, no one can know 
whether an earth connection has a sensible resistance or no^ or what that resistance i& This test 
should only be used when the wire is broken, as well as to earth, and it only atTords a means 
of roughly enessing the position of the fault. 

<* Second, let it be supposed that the fault is caused by an earth connection of some definite 
unknown resistance. In this case we ma^ test from both stations, measuring the resistance each 
way, while the other end of the wire is msulated. Let these meaaored resistanoes be B and B'. 
Then we haye the two equations, 

» + a== Bwhere*== distance fiom one endW^^j^^ 
y + a = B ,, y = „ „ other „ /*" *""" "* «»«•»«». 

„ a = resistance of ftiult. 
and alto ff + y = L „ L = known resistanoe of whole Une; 

, L-f (B- B') 
hence x = 5- . 

" If the resistance a remains sensibly constant, or is small compared with x and y, this will giye a 
yery good approximation. But there may not be two men capable of testing at the stations, or only 
one set of instruments, and then the following test, from one station only, may be employed. First* 
measure resistance of the Une when the far end is insulated ; call this resistance L Then measure 
resistance with far end of earth ; call this resistance 0, which will be less than the preyious one| and 
let L = resiBtanoe of line as before, then we haye, 

Fir8t,x + a = L 
Second, = e. 

fly 
Third, » + y s L. 

Hence jp = « — V(L — e) (I — e). 

But this test also aflsumes a to be a constant quantity, which, unfortunately, it yery seldom is. 
The earth connection is generally accompanied by some moisture, and the electrolysis produced by 
the yery currents used in testing, alters the resistance of that connection. 

" Hence, i^e following test, due to O. F. Yarley, in which the resistance of the fault, whether 
great or small, constant or yarying, does not affect the accuracy of the result, should be employed 
wheneyer possible. It can, howeyer, only be used where a good oc well-insulated return wire from 
the far station is ayailable. 

Let 2 L = resistance of the two lines. 

y = distance of fault from testing station — ^in resistan 
X = distance from far station. 

First make the connection shown in Fig. 7190, by which no part of the line is to earth except 
at fault. L' line with fiiult in it. L wdl-insulated line. Let S be the yalue of the coils when 
adjusted, so as to bring the differential galyanometer to zero, then S = 2d7 + 2y, and the resist- 
ance of the f^Xlli will in no way affect this test, since the fault itself does not form part of the 
oirouit. If the resLstance of L has been determined preyiously, this test may be omitted. 
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*' Then make the connection shown in Fig. 7189. Adjust the coils afresh till the galyanometer 
needle is brought to zero, and the resistance then added by the coils will he such that 
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+ tf=ay+2x, orOe:2«. The fenll of which the redstaDce is unknown, is of ooone equally 
added to the two circuits in connection with the two bnincbes of the galvanometer, and has thei^ 
Ibre no effect on the resiatance C, required to bring the needle to zero. It will be obeeryed that 

O 2^ X 

-^ = sy—: — r = 7- exproBBes the fraction of the whole line, separating the fault from the distant 

station. It is in this way Varley uses his test ; the inspector puts a handle in one position, adjusts 
his coils till the needle is at zero, writes down the number as denominator, moves the handle to a 
eecood podtion, adjusts the coils again, and writes the second number as numerator, the fractioa 
gives the position of the firalt as above ; we can, however, easily if we please, calculate y in function 

of lesistaQc^ and obtain y = — ^ — • 

*' The plan of observing the nnmben, and using them to form a fraotion, is, however, found well 
■oitsd to wwkmen or telegraph clerks. 

** When the line is absolutely broken, the acddent must be dassed under a different head. The 
absence of continuity does not allow any use to be made of the distant station. If the line is in 

Sirfect contact with the earth where broken, the measurement of its resistance will give the 
stance in function of resistance; but if the oontact is imperfect this measurement only gives the 
sum of the resistance due to the distance, and that due to the lault. The resiatanoe of the &ult 
cannot then be accurately measured. 

" If the line where broken is insulated, and the line is, moreover, weU insulated up to the fault 
the following test, called the discharge test, gives some clue to the position of the fiacture. The 
home end of the line A, Fig. 7191, is connected with one pole of a battery B for a little while, it Is 
then, by a key, suddenly connected to 0, one end of a galvanometer coil, the other end of which is 
to earth. The statical discharge induced on the wire by the action of the earth end the battery is 
thus discharged through the galvanometer, the needle of which is thrown more or leas violently to 
one side ; the throw is greatest on a long line, and shortest on a short line. If the line were 
uniform throughout, the sine of half the angle of the throw, with a given electro-motive foroe of the 
battery, would be proportional to the length of the line. The custance of the brakk or mptuie 
oould thus be determined, if the discharge m>m any known length were known; in dzy weather, on 
a good line, this test may occasionally be used with great advantage. 
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** Accidental contact between wires is shown by a retnm conent on the second line, connected 
as in Fig. 7192. the resistance A + B gives twice the distance if the contact is perfect If the 
oontact is imperfect, or is due to bad insulators, the proportion between the current starting fiom 
A, and retuminff to B, when and D are insulated, gives some rough idea of the degree of im- 
portance of the defect, whether much or little. In Fig. 7192, F is the conductor connecting the two 
lines, and causing fault. 

^ We will now consider the more difficult problem, of a oable where all the wires are broken and 
exposed. The ordinary tests merely give a maximum distance within which the fault must lie^ but 
thb distance is never accurate within three or four miles. The following method will be correct, 
within half a mile, or less, if the length and resistance per mile of tbe cable are correctly known. 

'* The difficulty of the problem arises firom seyeral causes : — 

** 1. As the ends are exposed, they form galvanic elements or batteries, with the iron sheath and 
the salt water, so that a + current flows from the cable, through the testing galvanometer, to earth ; 
this is steadv and constant if the cable is not disturbed. 

** 2. We have to deal with two unknown resistances ; that of the wire itself, and that between 
the exposed end and the earth : the flrst is constant, the second very variable, because— 

*' 8. The action of the current alters the resistance at the point at which the metal touches 
the water, by coating it with substances which differ in conductibility ; and at the same time 
the apparent resistance is still further altered by the currents of polarization set up by these 
substances. 

'* The action which takes place can be shown by placing a piece of cable in a glass filled with 
salt watw, and applying a current from forty or fifty cells, one pole of the battery being connected to 
the iron sheath, the other to the copper coudncting wire. The portion of the caole connected to the 
sine, gives dflf a stream uf hydrogen, while the other becomes coated with a chloride of the metal. 
Thus, if the negative pole is connected to the oonductor, and the positive to the sheath, chloride of 
. iron is formed, and if tne cdinections are reversed, chloride of copper is produosd. 

" Let us now connect a galvanometer to the cable, in such a manner that the current from the 
cable batterr of copper and iron in salt water, called the ' cable current,* shall deflect the needle to 
the rigM : the iron element being, of course, always on the earth. If a negative current is now sent 
into the cable, its direction coincides with that of the cable current, and does not affect the direction 
of the deflectioo. But the superior force of the testing batteir overcomes the cable current and 
polarizes its elements. The copper wire becomes coated with hydrogen, the iron aheath with 
chloride of iron, so that when the testing battery current ia cut off, and the cable battery is again free 
to act its action is reversed, and the needle moves to the teft, under th() influence of the current of 
• polarization. But the hvdiogen gradually enters into combination and disappears firom the wire, 
the polarization ceases, the needle returns towards zero, passes it, and flnally takes up its former 
position to the right under the influence of the cable battery in its normal state. On the other hand, 
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if we test with copper inBtead of sino^ the neiedle Is deflected to the left, the oabid battery again ecla 
as a decomposition cell, bat the polarization is now in an opposite direction, the copper being coated 
with its chloride, and the iron with hydrogen. When the testing current ceases, the needle tWefoia 
moves to the right, and continues permanently deflected in that direction, because the nonnal coneiii 
from the cable oattery is now in the same direction as the current of polarization. 

** If we apply a succession of short zinc currents, after the wire has been coated with the chloride^ 
the needle wiU take up a right-hand deflection after the battery contact has been broken ; but the 
deflection wiU decrease after each test, and will finally be reversed. The deflection to the right is 
due to the polarization set up by the chloride of copper, each application of the ziuc current rduces 
a portion or this chloride, and assists also in removing it mechanically by the action of the hydrogen, 
until after a time the chloride disappears, and is replaced by hydrogen. The sign of the pcdarizatioa 
18 then changed, and the direction of the needle changed also. JBut there is a moment when tho 
opposite actions of the hydrogen and chloride are apparently balanced, so that the cable battery is 
inert, and the end of the wire unpolarized and probably uncoated. Then, and then only, can its 
correct resistance be determined. The object of the special method of test is to produce this 
condition. 

*'The test for distance is best made with a differential galvanometer. First ascertain the 
approximate resistance in the ordinary way, and clean the end of the wire from the dirt and the 
salts with which it will be coated, by applying a zinc current for several hours, occasionally reversing 
it to get rid of any deposit of soda which may occur. The surface will be roughened by the re- 
deposit of the copper, which has been dissolved, and will therefore more readily throw off the 
hydrogen evolved oy the zinc current. Next, apply a positive current for the purpose of ooatintr the 
wire with chloride m copper, and finally test with tlie negative current The action of the current 
set up by thjB chloride of copper will make tlie resistance appear less than it really is ; but as the 
chloride is gradually reduced by the testing current, in the manner which has just been explained, 
the resiBtance will appear to increase, moment by moment, and the resistance coils must be length- 
ened, unit by unit, to balance the resistance of the cable, so as to keep the needle at zero, until it 
passes over to the opposite side suddenly, under the influence of the change of polarization, caused 
by the copious evolution of hydrogen, which will follow. The increase of apparent resistance, and 
the consequent movement of the needle, is slow and gradual, so long as the hydrogen is employed 
in reducing the chloride ; but after the reduction is complete, and the chloride has disappeared^ the 
increase in resistance is enormous and almost instantaneous. Unless, tlierefore, the resistance of the 
cable has been carefully balanced, so as to follow the variation of the current throughout, the test 
will not succeed, because the neutral condition lasts too short a time to permit the adjustment of 
the resistance coils. 

*' In any case a certain dexterity is required, which can only be obtained by practice ; but 
fortunately the practice may be had conveniently upon an artificial fault, or a piece of percha wire 
in a tin can, filled with salt water, and connected to a set of resistance coils. Induction does not 
affect the test, and as in any ordinary cable the insulation is practically perfect, its resistaooe can 
be represented as accurately by a rheostat as by an actual cable. The nigher tiie tension of the 
battery, the less does the opposing onnent of polarization affect the result, for its force seldom 
exceeds two or three cells. The measurement is therefore made with a battery of as high a tension 
as can be conveniently procured, sixty cells or more. 

" The behaviour of a &ult varies with the length of wire exposed, a short end polarixes and 
depolarizes very rapidly, iti changes in resistance are correspondingly rapid and its resistance great. 
If the end is long, the changes are slower and are more reaaily observed ; the reeistanoe of the fiMdt 
is also lees. 

" After having well studied the changes of the fiftnlt itself^ make an artificial fl^nlt by placing • 
piece of the cable core in a tin can filled with salt water, and alter the length of the exposed wire 
until it behaves in the same manner as the cable, and then find its resistance, which will be very 
nearly the same as the real fiiult ; so that the distance of the break will be the tseted leaistanoe A 
the cable less that of the artificial fault. 



Inches of copper wire exposed 


•• 


i 


i 


i 


1 


1 • 


No. of cells used 


6 


60 


6 


60 


6 


60 


6 


60 


6 


60 


Units of line added .. .. 


25 


296 


96 


270 


84 


259 


79 


238 


75 


226 


72 




50 


825 


121 


299 


109 


287 


104 


261 


100 


255 


98 




100 


885 


172 


857 


160 


845 


155 


819 


151 


812 


148 




150 


448 


228 


416 


211 


408 


205 


876 


202 


869 


199 




200 


502 


274 


475 


262 


•461- 


256 


483 


258 


426 


250 




250 


561 


825 


588 


813 


519 


807 


489 


804 


482 


801 




800 


620 


876 


592 


864 


577 


858 


546 


855 


589 


852 




850 


679 


427 


651 


415 


686 


409 


603 


406 


596 402 




400 


788 


478 


709 


466 


694 


460 


660 


457 


658 453 




450 


796 


529 


767 


516 


752 


510 


716 


507 


709 1 503 




500 1 856 


580 


825 


567 


810 


861 


778 


558 


766 < 554 




1000 1440 

1 


1090 


1406 


1076 


1392 1070 

1 


1889 


1066 


1832 1062 



" The foregoing table was formed unon a piece of the Dunwich-Zandvoort cable, in a vessel of 
sea-water, and shows the manner in which the apparent resistance varies with the tension of the 
battery, the lesirtaDoe added by the rheostat to represent the cable, and the length of tlie exposed 
wire. 
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** It is a oonTenlent pkn to foim a table of the resistance of ends of 7011008 lengths with six and 
sixty oells, adding resiatanoe by a rheostat, using the negative cnrrent and allowing the end to take 
up its maximum resistanoe. The tests with the six cells will be always higher than those with sixty, 
that is to say, the resistanoe of the end will always appeiur higher when tested with the lower 
power, and the diflferenoe between the apparent and real resistanoe will also increase gradually, as 
the length of the cable itself, or the resistance added by a rheostat increases ; the length of exposed 
wire being constant 

** If a cable is found to give, with six and sixty cells, two resnlts corresponding to some two in 
the table ; it is probable that the length and resistance of the end is the same as that of the arti- 
ficial fault used m the formation of the table, and therefore that the reaistance between the testing 
station and the fault is equal to the resistanoe added to the artificial fault. 

*' 80 much, however, depends upon the manner in which the tests for the table were taken, or 
upon what we may call tiie ' personal equation' of the observer, that everyone should form a table for 
himself. The cable must be treated in preoiselv the same manner as the artificial fault, and there- 
fore no table will be perfectly ooireot unless it is made Just before the table is tested, in order that 
the precise manipulation may not be fcurgottem. 

** The Testmg of Jointa m Insulated wire, — ^A joint should insulate as well, or nearly as well, as 
an equal length of the perfect core, and the object of the test is to ascertain if this be the case. Now 
the leakage, even from a considerable length of good core, is too small to affeot the galvanometer; 
but, although the electricity which escapes moment by moment oannot be measured, still if it were 
possible to store up the loss during a minute, and compel it to pass Instantaneously through tbe 
coils, it would produce a sensible deflection. 

" In order to effeot this recourse is had to induction ; a metallic trough, sufficiently large to con- 
tain 2 ft. or 8 ft of the core, is suspended by straps or rods of polished ebonite, 2 ft. or even 3 ft. 
long. A small condenser is attaohea to, increase its inductive capacity and enable it to store up the 
electricity which may leak through the'peroha. The teating battery, of not less than 200 cells, is 
insulated in a similar manner, aira all loss over the surface of the conducting wires is prevented by 
paring their ends, so as to expose a fresh clean surfigwe, or even by coating them with hot paraffin. 

^To ascertain if the apparatus is sufficiently insulated, the trough and condenser are charged, 
and the swing of the needle, from an immediate discharge, noted. They are then re-charged, and 
left free for a time eaual to that to be occupied by the test, and again discharged. The diffiarenoe 
in the swing shows the loss in the time, and should be very small. 

** The joint is placed in the trough, a negative current is applied to the cable, and the poeitiva 
pole of the btittery is connected to the outside coating of the condenser. Any leakaffe which may 
ooour through the peroha is by this arrangement accumulated in the condenser, and may be di»> 
charged through the galvanometer aft» any given interval. 

*' It is posdfble to find how much is lost by defective fnsulatifln dmtog the joint teat itself; but 
as both core and joint are subjeoi to the same conditions, and tbe object is simply to see if 00a 
insulates as well as the other, this precaution does not seem to be absolutely necessary. 

'* To make the test. Ist Place the joint in the trough — Cleave one end of the cable free ; connect 
tbe copper pole of the battery to the galvanomet^ ; connect tbe other terminal of the galvanometer 
to the trough ; and, finally, charge the cable by applying the zinc pole. The charge within tiie 
cable acts inductively upon the natural electiidty ci the trough, the wire being in fiict the inner, 
and the water the outer coating of a Leyden iar. A portion of tiie negative electricity of the water 
is set free, and an eaual quantity of the positive is held fast or disguised by the negative charge 
within the cable. Tne firee electricity is at once neutralized by the action of the battery ; if it were 
not so arranged, it would increase the apparent leakage from the cable, being of a bimilar sign. 
The defiection or swing due to the discharge being iniBtantaneous, it follows that if the needle 
remains defiected after the discharge, the joint is very bad, or there is leakage over tbe surface ot 
the percha. The latter may be conducted to earth so as not to interfere with the test, by wrapping 
an earth wire round the core a few l^t from the free end. 

'* 2nd. Without disturbing the charge of either cable or trough, connect one coatins of the 
condenser to the trough, the other tsoating to the + nde of the battery, the zinc being to the cable 
as before. Anv negative electricity which may leaJc from the cable will now accumulate in the 
condenser. Allow one minute fbr this. 

"Srd. Disconnect the condenser from tbe trough and battery, and discharge it through the 
galvanometer. K the trough and other parts of the apparatus have been well insulated, the swing 
vrill show the accumulated leakage from the portion of core under test. It is evident that these 
charges must be made by perfectly insulated keys and commutators. 

** It often occurs when there are several wires in the cable, that the apparent leakage is greater 
from the joint which is first tested than from any other joints tested at the same time. This arises 
from the charge in the first wire acting upon the others inductivelv. The wires not under test 
should, theref^ be put to earth until uey are wanted, and the condenser and trough should be 
perfectly discharged oetween each test 

^ It will be understood that the results are simply comparative, not absolute ; all that the method 
effects is to show the differenoe between the insulation of a joint and that of any other part of the 
core. 

'* This method somewhat differs ttom that oidinarily adopted. B is usual to put one pole of the 
battery to earth ; but in this case leakage takes place over the whole cable, however long it mav be. 
By the plan described, tbe leakage is confined to the part in the trough, and the whole force of the 
battory is concentrated there, ana the apparent leakage exaggerated."^ 

Submarine Telegraph Cables, — ^The nature and the construcSon of submarine telegraph cables are 
80 clearly and fully described in the following extract from a paper read by Fleeming Jenkin 
before the Institution of Mechanical Engineers, that we need do no more than quote it here; — 

The essential parts of a sulvnarine telegraph cable are, a conductor along which the electric 
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cnrreot may flow, and an iiuulstor to siuTcnma the oonduotor and oomplatelj prevent it tmca oomins 
in oontaot with the iratar. In teleoting wire, the method followed bj the manofiictnren of telegraff 
cables is to t^ect, by electrical test, a wire whoae oonduoting power ia about 20 per oeat. leaa than 
that of pure ooppet. 

lo tba oonnDOQ cable a wiie or strand of copper formi the midactot, which ii covend aod inio- 
lated by gntta-pereba. This core <^ gntta-'percLlia corered wire ie wrred with tarred j>ra, round 
which a greater or less nnmber of iroD wins aie laid spirally, to afford longitadiiNJ stiength and 
lateral proteotioD. 

A cable of this olaas ia shown in Figs. 7198 to 7195, whioh lepiesent the Malta and Alexandria 




deDtrical reaiatanoe la 



UkegreateBtoondnetinKpowvwithinaKiTenclicDmfereEMa. Tbeii 
the oondnctlng power for a given siie, and the gntt»«acba sbeath i 
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diametw to give the same spaed of ttanamlMJon and toe same insulation as whrai a solid cote of equal 
weight is osed. When large amdootor* are reqnired, however, a solid wire ia not fonod flexible 
enoogh ; and, monover, a Angle CMiper wire is fonnd liable to break inside the gntta-puoha, without 
any external symptom of iignry b^og seen ; for these reasons a strand is almost nniTarmlly adopted 
for large oores. 

Id the cables flnt made, llie inlerstioes between the wires of the strand wen left vacant; bat it 
was found that under oontinnedpreeeore the water invariably penetrated into these vacant spaceaand 
peroolated along them. This was tboQght dangerous for varions reasons, and therefore the Qntla- 
Fercha Company now lay up th^ strand In an insulating oompoimd called Chalterton'a oranpoand, 
oonsistin^ of giitta-peioha and resinons sabstsnoea, which so completely flils the spaoea that a 
presBore of 600 lbs. a square inoh cannot force a ain^ drop of water 6 in. along the nnisbed core ; 
other makers have adivpted the aama plan. The nUsa, Flga. 71»3, 7194, 7196, have this oompmnid 
between the wires of the sfaandi wUu the Bed Sea cable. Fig. 7197, and aevanl eorlior eablea an 





The mann&ctore of the copper oondnoting stmnd la extremely dm;)le. Owing to the soft nataire 
of the metal. It seems to be of UtUe importanoe whether the wire la twisted in making the strand or 
not- althongh in the onter iron sheathmg of the cable it is of special importanoe for the wireato ba 
laid without twist. In the diagtum. Pig. 7198. U shown a simple form of strand maohiiia. and the 
twiat of the wires is shown bv the direction of the arrows upon the foor bobbins. A friotion-brak» 
reatrainB the movement of each bobbin, and ia adjnated by band until tke spinner bels (bat the tMuiasi 
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of each wire is eqnal. The dnmui of the bobbins are made lazge in proportion to their total diameter 
when fiill of wire, ao that the leverage of the brake does n(»t vary rapidly during the unwinding of 
the wire. It is important that every wire of the strand should be put in with a constant and equal 
strain, otherwise one wire will sometimes ruck up during the subsequent covering process, and 
knuckle through the insulating covering. Each length of wire is solderod to the next length, so that 
there may be no loose ends which might eome through the gutta-percluk Where one piece of strand 
is joined to the next, a scarf-joint is made, lapped round with binding wire and neatly soldered. 

In covering the strand the gutta-percha is applied in a plastic state, in successive coatings over 
the strand, wMob is for this purpose drawn through a series of dies, each one in succession larger 
than the preceding. Between the several layers of gutta-percha a coating of Chatterton*s compound 
is laid on in the Malta and Alexandria and other cables, as indicated by the strong black lines in 
Figs. 7193, 7194, 7196, 7199; but the Atlantic cable. Fig. 7200, and the other cables shown in 
Figs. 7201 to 7204, are represented with a solid covering of gutta-percha because no Chatter- 
ton's compound was here lued between the several lavers of gutta-percha. The Bed Sea cable, 
Fig. 7197, and several earlier cables had the compound between the coats of gutta-percha, though 
not between the wires of the oopper strand; the latest cables have both. 

T901. T203. T903. 
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The question of the relative merits of the two materials, gutta-percha and india-rubb r, for the 
covering of telegraph cables, is one of much practical interest Gfutta-peroha sometimes contains 
impurities, and air-oubbles were at one time not uncommon in the covering with that material ; these 
air-bubbles and impurities become serious &ults under the action of powerful electric currents. Gutta- 
percha becomes plastic at about lOQP Fahr., and the copper wire sometimes forces its way through the 
insulated sheath when tiie gutta-peroha is accidentally softened by heat ; moreover, joints unskil- 
fully made are liable to decay in time. On the other hand, the merits of ^tta-peroha are very great. 
Not a single yard of submerged gntta-pefoha has ever decayed ; and the importance of this fact after 
the experience of many years on some thousands of miles of wire can hardly be over-estimated. No 
gutta-percha cable has ever fidled except from local imperfection or accidental injury ; two causes of 
milure to which all known materials must be subject. The insulating properties of gutta-perclia as 
now supplied are eztremdy good. 

It may be remarked here that the word insulation has frequently been used in a double sense ; 
first, as implying freedom from mechanical defect or impurity ; and secondly, as implying electrical 
resistance. Consequently some stotements that are true when tlie word is used in one sense have 
been incorrectly applied witii the word in the other sense, causing some confusion in the comparisons 
of gutta-peroha and india-rubber. Thus the circumstance that india-rubber is a better insulator in 
oonsequence of having a higher electrical resistance than gutta-percha, has in mistake been incor- 
rectly taken to mean that india-rubber is the better material for covering telegraph cables ; whereas 
the words better insulator imply properly in this case a superiority in the one respect of non- 
condoctihg power alone, and not a general superiority in all respects. 

The defects of india-rubber differ with dinerent makers; some kinds are liable to turn into a 
treacly subetanoe on the outer surface and next to the copper ; others are liable to little cracks or 
fissures, which appecu: only after the cable has been manufactured for some time ; and other kinds 
turn slimy in water, arising it is said from a considerable absorption of water. The cause of these 
defects does not seem well understood, and various reasons have been assi^ed by different makers s 
such as injury of the india-rubber from heat applied to make the joint, or injury from the strain put 
on the india-mbber stripe as they are wound on ; defective structure arising in the preliminary 
mastication of the material in its preparation ; or some injurious effect of the contact with the oopper. 
One defect is common to all forms of india-rubber covering, namely, the necessarv difficulty of 
making the continuous joint which is required along the whole wire ; and another defect common 
to allforms of non-vulcanised india-rubber ia the liability to injurv from grease or oil. The latter 
danger is of the most insidious kind, for the injury is not immediately apparent, but requires a 
longtime for its fUl development j ^ . ^.* 

The merits of india-rubber, however, are not to be passed over lightly, and if th^ do not justify 
its general adoption as yet, thev certainly entitle it to all the attention it has received for the manu- 
facture of telegraph cables. When property prepared it is an excellent insulator m the limited 
electrical sense of the wor«l ; whether better or worse than the present gutta-percha does not much 
matter, as has been shown above. It maintains its insulation better at high temperatures toan gutta- 
peroha, and will bear a higher temperature without permanent injury ; it has also been thought by 
some less liable to mechanical injury than gutta-percha. But by fnr the most important point 
claimed in its favour is that a greater number of words a minute can be traiti>mitted through a wire 
covered with india-rubber than through the same wire covered with the same quantity of gutta- 
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percha of the usual quality. There is reason to believe that In this respect india-rubber is twice aa 
good as any gutta-peroha hitherto practically supplied for cables ; but a few specimens of gutta- 
percha have certainly been manufSactured which even in this respect are on a par with the best 
makes of india-rubber. 

The serving with hemp or jute yarns G, Fig. 7195, as practised at present, is done by'maohines 
similar to those strand machines which put a twist into tne wire or yam : and advantage is taken 
of the flexibility of the yam to place the bobbins in any convenient position. A large number of 
varus are used, put on with a long twist or pitch, in order to avoid any chance of bending or twisi- 
mg the core if one yam breaks or is not so taut as the others. The serving merits more attention, 
in the opinion of F. Jenkin, than it has received, and he considers that many machines for mana- 
faoturing telegraph cables still put too much strain upon the core, especially when it is small and 
weak ; and that the hemp might be applied so as to protect and strengthen the core much mora 
effectually than is now the case, and thus fomi a much better preparation than is now afforded for 
the final process of sheathing witli iron wires. The usual cores, both before and after they are 
served with the yam, are very weak and liable to be stretched if any hitch occurs in the feed of the 
machines; and it is believed that several mishaps might be traeed to this cause, and that the con- 
stmction of a thoroughly good serving machine is a desideratum of much importance. The yam 
protected by wires remains sound under water for a long time. 

The final process of sheathing the cable with iron wire D, Fig. 7195, is similar to that of making 
wire rope ; and the machines used for the one purpose answer for the other, with the simple addi- 
tion of a guide for the central soft served core. Ail the machines used lay tiie wire without twist- 
ing it, the same as in the manufacture of wire ropes. 

Listead of one gutta-percha covered core, several separately insulated wirea axe frequently 
included in one sheath, as shown in Fig. 7201, which represents a caMe of this class laid in 1854 
between Bpezzia and Ghorsica. This cable and all the suosequent ones are shown full size in the 
engravings. This cable has six insulated conductors, which are iJl now in working order ; and the 
cable has not cost anything for repairs since first laid, and Is still in constant work. The several 
insulated wires in this and similar cables are coated with gutta-percha^ and then laid up with 
hemp worming into a strand by laying machines similar in general arrangement to those for 
sheathing. The gutta-percha covered wire is of course not twisted, but the hemp generally is. 
The cables across the English Ghannel are generally of this dass. 

In the Atlantic telegraph cable, shown in Fig. 7200, laid in 1857, the simple iron wires of the 
sheath were replaoed bv small strands, made each of seven wires of 0*028 in. diameter ; but these 
were found objectionable on account of their rapid corrosion. 

Strands formed of thick wire are, however, freauently used to cover heavy shore-ends of tele- 
naph cables, and are almost necessary in the largest cables for giving sufficient flexibility. 
Figs. 7205, 7206, represent the Holland cable, the shore end of which. Fig. 7206, weighs 19*6 
tons a nautical mile ; the external protecting wire is here 0*220 in. diameter in the strands covers 
ing the shore end, while the single wires covering the main cable are *875 in. diameter, Fig. 7205 ; 
but in the process of mann&cture the cable was wound round a 7-ft. drum without diflBoulty. 

7306. 
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In the Tou/n and Algiers cable, Fig. 7199, laid in 1860, the iron wires of the sheath wero 
replaced by steel ^vires, 0*085 in. diameter, each covered by a tarred hempen strand. This form, 
though conyenient in many ways, has been abandoned, beoause the marine insects eat away the 
hemp with great rapidity, leaving a mere bundle of loose wires. Simple hempen coverings have 
also oeen proposed, and in a few instances unsucoessfolly tried. 

A single copper wire, however, 0*065 in. diameter, merely covered with gutta-percha, Tig.1202, 
was laid successfully between Vama and Balaclava in 1855, during the Crimean war, a distance of 
800 miles, and worked for about nine months. 

In a constmction of telegraph cable proposed by Allan, no outer covering of wires is used, 
but the gutta-percha covered wire is strengthened by a layer of small steel wires round the copper 
conductor, as uiown in Fig. 7207. It is doubtful whether this plan is preferable to a simple copper 
strand covered with gutta-percha ; though superior mechanically, it is far inferior electrically. 

The rapid corrosion of the outer wires in some situations when submerged is perhaps the chief 
defect of tne ccmir'Hi type of submarine cable. To prevent this corrosion, the isle of Man oable^ 
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three iron wuea ilutead 
Atlantis line, and except 
propoaed to protect the u 
■epaiately. 

In a plati intrndnoed by Biemena, Inttead of proteetfng the Iron wirea thoy are omiltnl 
altegetber, and another material coniideied more donble ia aubatituted. This cnnitnictinn nf 
cable ii ahown lo Figa. 7208 to 7210. Tbe core is aurronndfld with two layer* of hempen atranda 
C^ O, Fig. 7208, laid on under omaiderable tenaion. Three or meie atripa of coppci cr braaa O, O, 
about 0-01 in. thick, ate then bound ro;nnd tbeaa atraoda while thay are atilf atretcbed by the 
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Figa. 7211, 7212, are of the machine naed fin aheathing the caUe vltli Ute metal atripa. 
Two aarvingmac^iDea are placed one behind the ether, and are drifen in cmaaitedireotioni, laying 
on two diatinct hemp ooveringa. Hie nnmber of bobbina or tbe nce of the atiand In the two 



macbioee ia to adjiuated that eeoh corerinK, although of diOtrent diameter, may have ttie Mmo lay 
or pitch of the apind. Each hemp atiand paaaea round a V pulley between the bobUn and the 
layicB plale, and an adjnatable brake ia applied to each of theae pulleya to atn^ or atretch the 
■ anda .=.... . * . , . ,, , . , 



betweeo the bobUn and the 

, J r^-lied to each of theae ti\" 

A oable of ) in. flnished diameter b 
•traod ia laid on under a attain of S Iba. In front i^ the two aerriDg mschinea, and drlTcn by a. 
eepamte bxnd. atanda the aheathing maobine, Fif;. 7211. The copper or brasa etripa O, O, at« 
wound on bobbioa H, aa in tbe naiul aerring niacliinea ; and ar' drawn off frum tbe bobbina to 
certain guidea of pectitiar form cloae to the aerred care. Thear: gtddea lead the aeveral atrlf* 
ao that each atrip lapa over the preceding one by about on»-thiid of ita breadth. The core ia 

Sported and oomprewed by Um tightening nraile 1 1 np to the very spot at ad^oh the metal 
p« are laid on. The nomle I ia made up of B^menta cootracted by an adjoiting setewed nut, 
e aicticn of which ii iliewn one qoartar full ahu iu Fig. 7231. "i'ba atiipa laid on 
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lapping over one another would form a oone instead of a eylinder, if it were not for a aeriflt 
cf rollm J, J, between which the metal-«heathed cable is immediately pnaend Then nflen 
ibraibljr eompiew the metal aheathnig into a ojliiidrioal shape; and a simple 
adjustment regulates the pressnre exerted by all the rollers, as shown in the end ^^3. 

eleyation, Fig. 7212, by means of cironlar inclined sorfaoes K pressing upon the 
ends of the uides that carry the rollers, which are all adjusted simultaneously by 
the hand-wheel L. The result of the manufacture is certainly a cable reiy beautiful 
in appearance ; its practical value can only be decided by experience. 

The cc^per or brass sheathing affords lateral protection to the core; the longi- 
tudinal strength of the cable is amply sufficient both for the neceaaary strain during 
submergence, and to provide against accidental injury ; and insects will not lodge in 
the hemp so Iraig as the metal sheathing remains intact. There may be some ground for apprehen- 
sion as to the durability of the light copper or brass sheathing ; but this must neoe^arily be left 
to be decided by further experience on a large scale. 

In reference to the defects of the usual iron-wire sheathing as shown in the drawings, it may be 
observed that some misconceptions have existed upon the subject It seems to be generally sup- 
posed tiiat wires laid on spirally round a soft core must, as soon as any strain comes upon them, 
stretch somewhat in the way that a spiral spring does ; and many attempts have been made to 
obviate this supposed defect ; but on actual tml no defect is observed. The single open helix of a 
spring stretches by diminishing the diameter of the coil ; but when a number of wires are laid vp 
touching one another, so as to mrm a solid ring or cylinder round a ceDtre, as in a tetonaph oable, 
the diameter of the ring cannot diminish, even though the oentn of Hie caUe is soft ; and con- 
sequently the only atralohing that oeans k doe to the elongation of the iron itself, added to a very 
small constant, due to the more perfect dosing of the wires one against another. The following 
experiment on the stretching of telegraph cables is taken at random from a very large number 
made by Uie Board of Trade Committee on submarine telegraph cables, all oonmrmatory of this 
view. The total section of iron in the Bed Sea cable wlndi was experimented upon, mown in 
Fig. 7197, is about ^ scj. in.; and one sample 100 in. long elongated 0*56 per oent with 75 owt 
strain ; and it broke with 77^ cwt, or about 39 tons a square inch strain upon the iron wire. 
Other samples of the same cable elongated about 1 per cent, with 85 owt. Then single iron wires 
of about the same size as those in the oable, 0*085 in. diameter, were found to stretch from 0*46 to 
0*72 per cent before breaking, and bore about 4*4 cwt. each, or 89 tons a souare inch. It appears 
therefore from experiment that there is hardly any difference in elongation oetween a solid rod and 
a well lald-up cable ; and in strength no difference whatever between the cable and the wire com- 
posing it Tike core does not as at present made, add sensibly to the strength of the cable ; for its 
resistance to the extension of say 1 per cent., at which the cable breaks^ is insensible compared with 
that of the iron-wire sheathing. 

The twist put into a cable by the usual mode of coiling it when laid in a mass, as in the hold 
of a vessel, has also sometimes been misunderstood : a twifft is no doubt put into the cable by the 
process of coiling, but this twist is as certainly taken out again when the cable is imcoiled, and is 
therefore of no importance. 

The only inconvenience attending the spiral lay of the cable sheathine is first apparent when 
the cable is being paid out without sufficient strain upon it to lay it taut along the bottom. Then 
as the slack accumulates the cable becomes virtually free at the bottom, whue the parts near the 
sur&ce of the sea have considerable weight to bear ; and the cable therefore untwists and throws 
itself over into a bight The number of turns taken out of the cable, and of bights put into it 
along the bottom, depends simply on the smount of slack paid out When the cable is again 
picked up, these bights draw tight into kinks, to the iig'ury of the recovered cable ; and this is the 
only practical inconvenience attending the usual spim cables. The amount of elongation oon- 
sequent on the untwisting is quite insignificant ; and, except for these kinks, a telegraph cable 
recovered after three years from 1500 fathoms depth has been found just as good as when it was 
laid out. 

The common iron-covered cable can be easily laid safely in depths not exceeding 1000 fathoms , 
but bevond that depth steel wire should be used for the sheathing, or the specific gravity of the 
cable diminlBhed. £xposed hemp is not admissible, owing to tiie marine insects already mentioned, 
which are found at all depths. 

The manner of laying a telegraph cable and the machinery requisite for carrying out Che 
operation, are matters of the first moment to the telegraph engineer. The experience gained in 
laying the Atlantic cables, and especially the failures that attended the first attempts, have led 
almost to perfection in the machinery for paying out, as well as to the invention and successful 
application of other machinery for recovering a cable after it has been laid. The following succinct 
and clear description of such machinery is given by George Elliot in a paper read before the 
Institution of Mechanical Engineers. 

The Atlantic Telejfraph Cable Expedition of 1866 was twofold in its purpose, the first object 
being to lay a new cable, and the second to recover and complete the one commenced and lost in 
the unsuccessful attempt of the previous year. 

The cable itself was ooiled in three circular wrouprlit-iron tanks, which were built on the main 
deck of the ship, as shown in Figs. 7214 to 7216, which represent a general plan and longitudinal 
and transverse sections of the vessel. The foremost tank A occupied the space which had pre- 
viously been the forecargo space ; and the after tank was placed in what had been the afler- 
cargo space The middle tank B occupied what had been the second dining saloon ; and the funnel 
(shown by the dotted lines in Fig. 7215) from the pair of boilers in that position was removed for 
the purpose, those boilers being thrown out of work during the expedition. The whole of the 
fittings in these spaces had been removed, and each of the taiucs was stayed to the sides of the ship 
by two fiat frames of iron, built on angle-iron framing, thus socuring the *Mr\}r» in the most sul>- 
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The fore tank was 51 ft. 6 in. diameter, the middle tank 58 ft. 6 in., and the after cank 58 ft. ; 
they were all of a uniform depth of 20 ft. 6 in., and similarly constructed in all respeota. The 
bottoma were \ in. thick, lap-jointed ; and the sides were \ in. thick in the lower half, and } in. in 
the upper half. The sides were butt-jointed, so as to present a perfectly smooth surface inside ; and 
the bottoms were ooTcred with a thin wood floor to receive the cable. As it was of vital importance 
that the cable should be kept always under water, to prevent denreciatien of the gutta-percha 
coating, and also to afford the only means of effectually testing its electrical condition, these tanks 
were carefullv made water-tight. In paying out the cable, the water in the tanks was kept some- 
what below the level of the top flake, and required to be lowered during the paying out ; for this 
purpose each tank was suppliea with discharge-valves, and as the bottoms of the coils were above 
the water line of the ship, Fig. 7215, it was only necessary to open these valves in order to allow the 
tanks to discharge themselves completely. 

The coiling of the cable into the tanlm, out of the hulks by which it was brought firom the 
Telegraph Construction and Maintenance Works at Greenwich to the Great Eastern at Sheemess, 
was effected in the following manner. The cable was brought up over the side of the ship from the 
hulk, upon wheels which guided it on to a large deep-grooved wheel driven by steam power ; on 
the tread of this wheel ran a small jockey-wheel or roller, pressing the cable down into the groove 
of the large wheel, so as to give sufficient friction for enabling the wheel to draw up the cable from 
the hulk. The coiling commenced from the outside of the tank, the end being previously triced up 
above the tank, leaving a clear end for splicing and testing. The flrst turn of the cable was oai^ 
fully laid round the outside of the tank, and the next was laid back dose up against the previoua 
turn, and so on until a perfectly flat flake or layer was laid into the eye of tne coil, which was left 
about 9 ft 6 in. diameter. ' The cable was then led out direct to the outside of the tank, across the 
ooHs already laid ; and another flake was commenced precisely similar to the first, this procen 
being continued until the tank was filled. The direction of lay-out of the cable from the end of one 
fiake to the beginning of the next was tanjKential to the circle of the eye of the coil, as shown at D 
in the plan, Fig. 7214; and the portion of cable crossing the coils vras protected from the weight 
of the coils above bv wood battens laid on each side of it, about 8 in. wide and 1 in. thick, with the 
edges rounded. When the colling down of the cable into the tanks was finished, eyes were fitted 
into the centre of eadi coil, which were telescopic in their construction, so that as the cable was paid 
out the eyes could be lowered from time to time. Men were stationed in the tanks for the pupose 
of keeping the cable always dear during the paying out. 

taiv. 
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In paying out the cable it was passed up to the hatoh over the centre of the coil, and carried 
over a large wheel £ about 4 ft. dianieter, as anown in the enlarged longitudinU aectioD, Fig. 7217. 
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The lengtb of cable in the after tank was 640 knots (1 knot = 60M feet = 1 - IS etatnte mtle), in 
the middle tank 865 knots, and in the fore lank 671 knota ; and the entire length of 2376 knots 
wiiB joined np into one oontinuouB length of cable before the lajring was oommenced. The size of 
the cable was 1^ in. diameter, and its weight 31 owL a knot in air, and II) owt. a knot when 
Immersed in water; the breaking strain was 810 tons, eqnal la eleven times its weight in water 
a knot, so that the cable would jo»t bear its own weight in 11 knots depth of water. 

Fayint-out Machaierii. — In the paying-out macbmer; the chief objeet to be attained waa to 
mppi; some means of obeching the cable in the most regnlar manoer pomible while passing out of 
thesbip.and also oF keeping it in a state of constant tension ; and it was required that the amount 
of this tension should be at all times known, and that it shonld be regulated bj the depth of thft 
WBlei in each particular part of the ocean, and alao to some extent b; the speed in the ship. 

The most important feature is the arrangement bj which it wu nodered impoasible that more 
than a certain strain shonld be kept npon the cable daring the paring out A lees strain would 
onl; inTolvo a slight loss of cable ; bat an; inoreaaed strain might possibly damage or even deetror 
it. The cable on entering the paying^nit msohinerj was paned orer a seriea of six deep-grooved 
wheels, each about 3 ft. diameter, one of which is shown in side and end elevation at Q m Fi^ 
7218, 7219. On the shaft of each wheel Ot waa Axed a thotion-wheel H of the nme diameter. 



to wbleh waa fitted a friction-ctrap lined with wood and tightened bj a weight on a lem'; to 
prevent any anneeeasarr wear, this Motion-wheel tan In a tank of water K. Above each of the 
grooved aajrying wheels was a joake7-wheel J about 14 in. diameter, praaaiDg the cable L down 
inio the groove of the carrying wheel G, and hooped with an india-mbber tire to form a soft 
cnsbion, so that no damage might be done to the cable. The jockey-wheel was also fitted with 
a small fKction-wheel M having a wronght-iton strap adjuatitble by a screw. Any one of the 
jncke^-wheels could be lifted np, so as to allow the cable to slip freely through the groove in the 
can-ytn;; wheel ; or in ease of necesaitj the whole set of jockey-wheels could be redsed at onoe by 



After the cable had passed tbrongh this part of the maobtnery, called for distinction the jockey- 
gear, and had thereby been subjected to a Blight amonnt of sttaio, it was led to the main paying- 
ont dram P, shown in side elevation io Fig. 7220, and in end eleviLtioti in Fig. 7221. The cable 
L entered on the nnder side of the drom, Fig. 7220, and waa passed four times round, as a rope is 
passed round a capstan, and for the same pnrpoee of getting a firm hold npon it. Just above the 
point at which the cable was led on, a knirf>-guide Q waa placed for fleeting or slipping sideways 
the coils already on the drom, so as to leave a clear lead-on for the tie^ cable ; this guide waa 
adjustable in both direotlons with screwa, like a aliile-rest on a lathe. The shaft S of the drom was 
carried through on each side, one end being fitted with a oouplioK B, which will be referred to 
iifterwards in connection with the picking-up arrangements adapted to this maobine; and on the 
olher end were fitted the main friobon-brakea T, T. 

These self-adJDsting friction-brakes were invented by Appold, and it is interesting to note 
that they were the identical brakes nsod ia the first attempt to lay the Atlantic cable in 1857. 
The brake-wheels themselves T, T, Figs. 7220, 7221, of whieh there were two on the slisft. were 
4 ft. 6 in. diameter, and 12 in. wide on the tread, wbioh Iru tomsd a little convex. On each 
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Irheel wu fitted a wiongibt-iroii rtrsp, lined with wood, nod • bomw Bdjnstment V admitted of 
•117 reqtdted amoimt of ttlctiaa beiug oblaiued. On the lop oT Mch bralce-Btimp wH b lug, to 




which K loos md T was bwteaed, leading Co the top of a bell- 
crank levar X with armB in the proptrtion of 1] to 1 ; and to the "*'' 

long arm of this lever «raa anapended a rod oanying a namber EidElavaat/ at 

of weights W, which were remoTable at pletunie fiu adjuating the . 
atiain. The tod waa continued below the weights, and bad a 
piston attached to it workiog looeely ia a water-c<fliQder, to pre- 
vent an; sudden ju-king action from comiog on the brake. Bj 
■crewing up the adjustment XT, the brake we« made to have snffl- 
oient friction fui Ufting the weights on the suspension-rod. 

In Older to render the brake selT-adjosting, so that it should 
relieve Itself whenever binding too hard, tlie brake-strap was out 
throQgh, and the ends weie (tttaohed to a lever A in the manner 
ahuwD in Fig. 7220. the lower ^trenity of tiie lever bt-ing free to 
move in a slot cut in the stationary bncket B. When the brake 
was binding too hud, so that it be^ao (o lift the weight W too 

higli, the brake-strap oooaeqi^enlly traviUed round and brought the lever A into the position aliown 
dotted. The attiiohraenl of the odd end of the braki^ttap at the extremity of the lever mnved thi o 
throogh an uro of a larger radius than the attaalimont of the ather end of the strap ; and the result 
was tnerefbre e<)iiivalent to lengtliening the brake-strap and slackening the brake off the surfnce oT 
Ule wheel, oausiDg the weight W to fall buck instantly to ils original positioo. The conaequenr^ of 
tliis action was that when the brake was at work the lever A kept the strap just tight, ai d the 
weight W continued just oaoillstiag. The two brake-wheels T, T, placed side by side on the drum- 
ahan. rig. 7221 were boUi fitted alike througboaL 

Near the end <^ the bell-orank lever X, Fig. 7220, a chain was attached leading to a wheel T 
overhead ; and from a larger wheel on the same shaft angther chain leil to a barreToii a winch Z. 
A man standing at this winch by turning the hand-wheel could imtunliately take all the weielit 
off tlie brakes T, T. The whole of this p«ying-ont machine was made dnublo, so that io case of an; 
mishap th^re might be do delay, but the cable might at once be removed from one drum to the 
other. This proyision, however, fortunately proved to be needlisa, as throughout tlie eipidiljnn 
there was no failure in anv peul of the machinery, ita action having been io every particular perfi ct. 

The cable having by tb(«e means been snfOdenlly checked wus pnased over tbe stero wheel A, 
Fig. 7217, into the sui ; aod on its nay tho Mtual Btmin was measuri-d by a dynamomuter placed at 
D, consisting of the following arrangement. Immediately on the cable leaving tire pnying-aut 
drmn F it pctased over a wheel U, and at a distance of 23 fL 6 in. over another similar wheel I : and 
in the oentte hetweEo ttiese two wheels the dynamometer D was fixed, which ia ahiwo in Pigs. 
7222, 7223. It ootisisted of a wheel D, weighted to a particular amoimt, aod riding upon the 
eable L, being guided in a fixed vertioal frame by rollers A, A. The amount of defieotiun evidi'ntly 
variet acoording to the strain on the cable, and the strain was calculated from the formula obtaini-d 

by the ordinary reaolntion of fbroea, namely, ^ ~ rj ^ approximately ; where 8 = sbnin, and 



deflection were oaknlated for all atralni from 7 cwL up to 40 cwL, and a scale B was affiled to tlie 
inatnunenl with an index C carried npon the wheel D ; so that the strain could Immediately In rta.) 
off at all timea by simple inspection. The total weight of the wheel D and its suspended weight F 
was 426 Iba- and the tod oariying the weight F was oontinned down to a piston O working freely (o 
aoylinder of water, to prevent any snddsn jerks of tlie dynamoroeter. The orfiinary strain in paying 
out waa found to vary from 10 to 12 or 14 cwl, and at no thne exceeded 16 cwt. 

The puying-out drum waa also eapplied with steam power fbr reverHiDg its action and picking 
np the cable, anonld any fault oocnr requiring snoh an operation. This coiKtituted one of the most 
important improvementa ovar tbe amogomeota of the 1866 expedition, in wliiah it Itad boen 
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Dec^nry to hand the oable iloi% the aide of the Bhip from the psTliiK-otit maohiiMrjp in the iton 
to the pioking-iip maohinerj In the bow, od (toj oocMion of lequuiog to haul in the c&Ue ; and It 
was duTLQi; thia WzardoOB piooees that tie 
nble yna broken and loet. In the present 



ineiT the shaft B of the paTing-out 
dram P, Fig. 7217, was prolonged on one 
aide 5a the purpose of forminit a coupling 
to the pioking-up anangement. It was 
considered advlsnble to make all thU part 
of the maohinery snffloiently strong to work 
with, and if nereSBarr even to break the 
large grapnel-rope, which bad a bieakicg 
strain of more than SO tons. The shaft 8 
was therefore made in its smallest place 
7i in. diameler. There were three jwinta 
to be speaially consider^ in the design ; 
flist, that the moving puis of the machine 
should be kept as liglit as possible so that 
the momentnm of the moving mass in 
paying out should be as small as poeaible, 
and should therefore strain the cable as 
little as possible, either in case of rny 
sudden and accidental mishap, or when 
the ^ip was pitohing; and this was of 
vital importance. Second, that the nick- 
ine-np arrangement sbonld be capable of 
being brought into action at a momenfe 
notice. And third, that the atrengtb of tue ' 
machine should be sufficient to cope with a 
rope having the uncommon breaking strain 
of 30 Uma. Thtise various requirements 
were Bdmiiabl; met by the arrangements 
adopted in accordance with the designs of 
Cliffiud, the engineer of the Teleginph 
Constraotion and Haintonance Works, who 
had also woAed ont the design of all the 
maohinery employed in the expedition. 



In order that the machinery for paying ont might be as light se poeaible, the picking-np motkm 

' ' " -' to the shaft S of the dram itself, as in Fig. 7221; so that wlien the conpling 

paying-out machine remained intact and as similar as possible to what would 



otherwise liave been neoeeaary if there had been no picklng-np arrangement This shaft and 
coupling bad to be of the great strength necessary to bear a torsional strain of 30 tons, acting 
at a leverage of 2 ft S in. The shaR ends were squared, and a large wrooght-iron coupling B 
capable of didiog along coupled the tno shafts eecqtely; and the application of thi« was Um 
work of a moment. Oo the diaft H thus ooufiled to the drum-shaft was fixed a large spur-wheel 
of 7 ft. 11{ m. diameter and 5 in. pilch : this pitoh may at Srat appear eioessive, but it is leas than 
i^ in nsefbr snob exceptional strains. A train of gearing driving the pinion narking into this wheel 
admitted of a teady alteration in speed and power, and waa driven by a pair of trunk engines made 
by Penn, baTing a nominal hone-power of 80, but working in thia case considerably below that 
power, as the oonden^ng {■art of the engine was dispensed with, and the steam supplied by the 
ship's boilers was only 20 Iba. presauro. The whole of the spur-gear was supplied by Jackson 
of Mancbealer, and was mannfaotnred by their wheel -moulding machinery, which seoored a le- 
nurkably true bearing surface on the teeth. The steam was convened to the engines hj an 8-in. 
coppL-r pipe of about 130 ft. length ; and aa a considerable oondensation was anticipated from snob 
a great length of pipe, a separator and superheater were fitted close to the engine^ so that they 
received their steam in about an ordinary condition. 

In paying ont the Cftble the portion in the after tank was first laketl, in order to trim the ship, 
as she waa considerably by the atom at starting ; the fore tank was next emptied, and the middle 
tank left to the last, the ends of the cable frran the several tanks having been spliced tiwetber 
originally in that order of connection.- When each tank became nearly empty tbe ship was dowed 
down, and it was quite stopped fur a short time whilst the paying out of the cable was tmnsfetred 
from one tank to another. This apparently rather delicate operation nss eS'erted on both oBCesiona 
without difficulty. The whole of tbe cable in the three tanl^ was spliced up into one length before 
the paying out commenr«d: and tbe length between each tank was carefully laid in troughs of 
wet Biiw-dust. so that it could be kept under electrical teat : It was also from time to time thoroughly 
snaked with water. The total length of cable paid ont was I85I knots, and the time from tmora 
was fourteen days, givlngan average of 132 knots a day paid out, and an average rate of 5i tmota 
an hour for the cable. The total distance run was 1669 knots, making the average proportion at 
slack paid out II per cent. 

During the whole time of tbe paying out, the machinery was most oarefiilly watohed at all 
points. The drmns were fitted with tolometers, showing the amount of oable whioh bad been paid 
out ; and this amount was oatefolly noted eveir flReen minutes in the ship's log, and tbe speed of 
paying out and the speed of the ship were tslculated so that a right amount of slack might ba 
allowed. If the ship wei« travelling too fast, the speed was Immediately reduced in the engine' 
iDomi and if too mncb cable was being paid away, a fmall addition to the weights on thednun 
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bnkM Tunall; Kmedled thli defeol aneedllj. Yuying wjndt ud onnenb uti jdbbj other clr- 
maaOaiKee Miued ootuteat watohing from moment Icr moment to be inonuinglj neoeattn. 

Pichtia-itp ifae*B«ry.— The cable af 1865 Ijad bean laid with ibont IS per cent, of ilaob, mA this 
penientage of daok wm tlie grew aonroe of hope foe the snroesafal reooiery of Ihe ouble. It ma 
caloolated that If the okble could be rtUBed to the Biirracft without hookJnK It &t more than t, Bbigle 
point, there wonld be • bight siupended m the water of 9i knoti in li?iigth, when in 2 kiiola 
depth of water, as in tlie diagram, Fig. 7224; and the boFizoutal distanoii J J woulJ be 8 knoU 



ThetttUal PiiianQ-VB cf CaMf' uv anjjU, bif>u< 




a the portiong letting npon the ffnnnd, giriDg an esoeu of length nf li 
ded bisht : and the resulta of ua ■etual piclntig up [iroTrd this oalcuL 
oaely the onrre of the mupended cable. The size of the cable wu 1( in. 



__. ^ „ , . „ , .. — „._ if 15 per cent, in the 

■upended bisht : and the resulta of ua ■etual piclntig up [iroTrd this oalculatioD to repraent 
very okwely the onrre of the mupended cable. The size of the cable wu 1) in. diameter, und ite 
welghl 35) cwt. a knot in air, and 14 owt. a knot when innnersed in water; the tobil weight of % 
■nspended length of 9^ knoti in water wiu tberofcire 6^ toDB, bat as tho breaking atiength of the 
cable wu 7| Ions, it wonld oairy the veiglit of 11 knots of its own length in water before breaking 
Aa,howeTer, the poaribililjof ila reoovery in tliis manner in a single bight wu genemlljr considered 
*o be ont of tbe qaeitlon, it was intended IberaTore lo attempt raising it by dweee only. Three 



grapple to the east and the Albany to tho w 

The picking-np maoli' 

strain, and if neoeMuy tc 



I of the Great Eastern. 




two large drams B, B,eaob 5 ft. 8 in, diameter, were fixed on shafts parallel tooMhother at 11 ft 



distance apart ^m centre to centre. The grapnel-rope A A was passed fonr times ronnd these two 

._ ,1. . — '- "'- "~" pasmngawayontliooppoBitesideftoBi wberoit sotecedoo. The 

. unall disc rollers a CC plaoed on shafts betwssn Ihs drnins, four 
aboTs and (oni below : andeachpartof the npe was Bested after iMringone dram befixe it attend 



D tbe othei, tbna keeping every p(»ti«i of tbe rope cleu of the rest 



Dgone dram befcce it mt 
The fleeting nqnlied n 
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more care in this nukohiiie than in the one for paying oat, aa the ■haoklea and iwivels on the 
grapnel-rope would capsize on and hold down the preceding coil of the rope on the dram, nnleaa 
the four coils were all Kept very wide apart. 

As the strains to whicn it was expected the maohioe might prohably be put were very great, it 
was thought advisable not to take the power through the shafts of the drams j3, B ; and accordingly 
the drums had spur-wheels D, D, fixed at each side, into which the pinions E, £, geared ; and by^is 
means no torsional strain whatever was put on the shafts of the drums. The strain of the grapnel- 
rope was divided thus between four spur-wheels, and the pitch of these was only 4 in. ; although in 
the paying-out machine, where this division of strain could not be effeotedf the spur-wheels were 5 in. 
pitch. Each of the drums had a brake F fixed to it, and both the brakes were worked by one shaft 
6 G, with two screws on it« carried fore and aft along the maoiiine over the brakes. All the strain 
of tlie brakes was carried by brackets H, H. on the eoie-plate, and in no way by tlie sciew-shaft G : 
and this is believed to be rather a novel application of the brake-strap, and may oe worthy of remark. 

The grapnel. Fig. 7228, was simply a very large ordinary boat grapnel, made with five pionga 
instead of three ; it stood about 4 ft. high, was fitted with a swivel at the top, 
weighed about 2^ cwt., and its prongs would carry a strain of about 8 or 9 tons 7328. 

without damage. Shackled to this was a 15-fathomB length of l^-in. chain, 
to which was mstened the grapnel-rope. This rope was a most remarkable 
one, being 1{ in. diameter, and consisting of seven strands, six strands round 
one ; each strand again consisted of six smaller strands of hemp, in the centre 
of each of which was a wire about ^in. diameter. Tiie rope was repeatedly 
tested, and was never known to break with less than 80 tons strain. Its 
weight in air was about 5 tons a knot and in water 3| tons. 

At the bow of the ship were fitted four iron girders carrying three cast- 
iron sheaved about 8 ft. 9 in. diameter ; these sheaves were all clear of the 
ship, and over the centre one the grapnel-rope was led on board, as shown 
at Ik, in Fig. 7215. The grapnel-rope was led directly to the picking-up 
machine from the bow sheave, passing thruun^h a dynamometer, so that the 
strain could be ascertained at all times. This dynamometer was similar to 
the one for the paying-out machinery described before, except that it was 
of a much heavier constraction and loaded with a weight of 2142 llis. The 
vertical travel of the dynamometer wheel was 5 ft., the horizontal length of 
deflected cable 80 ft, and the graduations of the scale ranged from 2 tons to 
20 tons. 

The machine was driven by a pair of trunk engines, precisely duplicates 
of the pair employed in the paying-out maehine ; and these engines, together 
with the picking-up machine itself, were made by Penn. There was also a 
system of gearing similar to that belonging to the paying-ont machine, for 
admitting of a change of speed and power; the slowest speed, when the 
engines maiie 80 revolutions a minute, was about | knot an hour, and the 
quickest about 1} knot an hour. The mac'iine was supplied with a draw-off 
wheel I and lockey-wheel J, having an adjustable weignt K, so as to keep the grapnel-rope A well 
taut on the (Irums B; and a rotonieter was added for measuring tlie length of grapnel-rope ovei^ 
board. Wlien the picking up of the cable was in progress, the grapnel-rope was delivered from the 
picking-up drums into the fore t.ink, which was at that time empty. 

The process of grappling was as follows. The exact line of the cable having been marked by a 
couple of buoys, put down by nautical observation, the ship was brouglit into a position about 8 or 4 
knots north or south of this line, according to the direction of the wind and current, so that the 
ship might be drifted slowly across the line of the cable. The new cable of 1866 had been laid at 
a distance of about 80 knots southward of the line of the old cable, so as to avoid all risk of iniury 
in the process of grappling for the old cable. In a depth of 1900 fathoms, nearly 2 knots, aoout 
2200 fathoms length of grapnel-rope, with the chain and grapnel as btfore described, was lowered 
with great care, taking about an hour or an hour and a half for the purpose. Whilst the grapnel was 
being lowered, accurate observations were continuouslv taken of the indications given by tne dyna- 
mometer ; and the grapnel striking the bottom, was almost immcdiatelv indicated by a diminution 
of weight, as it and the chain weighed rather more than half a ton. About a couple of hundred 
fethoms of additional rope were then paid out, and the dynamometer from this time was most 
strictlv watched ; averages of the indications were taken every few minutes, and many hours fre- 
quently passed before there was the smallest change in these averages. It was interesting to 
observe how steadily these averages remained at about 8^ to 9| tons, dependent upon the length of 
grapnel-rope out and the strength of the wind and current An indicated rise of 5 cwt. was gene- 
rally considered satisfactory evidence that the cable was once more hooked, and this seldom proved 
wrong : no attempt, however, was made to haul in the iY)pe until the strain rose 2 tons above the 
average. As soon as a strain of 10| to J 2 t<ms was observed, the ship was brought up by her engines 
to ease the Htrain, and the operation of picking up commeticed : the stmin tlien generallv rose to 
about 14 or 15 tons, and continued at this amount until Uie bight of the cable was raised off the 
ground, after which time it gradually lessened. The attempt was once made 1o raise this bieht 
direct to the surface without assistance from the other shif s, and it proved successful, the cable 
coming a few feet above the water with a strain of about 6i tons. There was, however, a heavy 
swell on at the time, and the pitching of the ship broke the cable through. 

After any ineffectual att»mpti. the cable was at length successfully raised in the following 
manner. It was hooked by the Great Eastern, and the bight being raised about 900 fathoms from 
the bottom, was buoyed there, as shown at B in Fig. 7225 ; the buoy attached was of the largest 
aize, weighing 8^ tons, and capable of supporting a weight of 13 tons. The Great Eastern tlien 
again grappled for the cable about 8 or 4 knots westward at 8, and again found it ; the Medway 
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Iband it At the mae time at H, abcnit 2 knota wutwud of the OrMt EMtera. The Great EMteni 
then omimeiiced haoliog in, ■Jgnalling to the Hedmy to do the mne, and to breab It if aho 
oonld not bring the bight to ths Biurf«ce: this ahe e«aordingly did, the lAblo breaking abonl 200 
ffttbonu below the nirnce. The Qreat Eastern in this nunuer had a loose and of about 2 knots to 
the weatward, and had immediatuly a mnch redoced strain to contend with. Ultimately the end 
was BDceessfuIlT brought on board, the olectrioal circuit to Valentia was once more established from 
the ship, and the movenient of the small spook of light on the galvanometer wale b; the cmtent 
noeived from Ireland indicated the success of the andertaking. 

Bee Battkbt. Bobinq and Blastino. Cable. Bopi-MAXraa Haohdjert. 

Booiion re/cr^nipAv,— Farailay (M.l ' Eiperiinental Beeearohee in Electricitj,' 3 Tola., 1839-95. 
ShaObefB (T. P.) 'Telegraph Manual 'Svo, New York, 1859. GaTarret (J.), 'Ta^graphte Eleo- 
trique,' \2nko, Paris, 1861. Webh (F. C.\ ' Electricid Acx:umulatioD and adduction,' part i., crown 
8to, 1862. BlaTier (E. E.\ 'Traits de Telegraphic filootrique,' 2 vols. Hro, Paris, 1867. Sabine (R-X 
'The Electrio TelMraph,' 8¥o, 1867. Clark (Latimer), ' On Electrical Meosuxetncnt," crown 8to, 
18G8. Sohellr^n, 'Der Klektromagnetisohe Telegraph,' 8vo, Brunswick, 1S68. Ladewig (J.), ' Dei 
Ban Ton Telegiaphenlinien,' 8to, I^ipiig, 1870. Clark and Sahiue, 'Eloclricfil Tables and Fur- 
mulre,' crown 8vo, 1871. Meilli (Dr. F.j, 'Das Telegrophen-Eeobt," 8to, Zurioli, 1871. 'British 
Association, Beport on Electnoal eiandardB,' edited by Profeesnr Fleetcing Jenkin, 8to, 1873. 
Hoekioir (Capt. V.), 'Guide fot the Electrio Ttstiug oC Telegraph Oables," otown Sto, 1873. Cidley 
(E. B.), ' Handbook of Practical Telegraphy,' Bto. 

TESTING HACHINB. Fa., MatAiru k (TprouKr ; Geil, FriJ^i MoKlune. 

Il maohiae for floding the amount of resistance which materials offer to applied fiiicM under 
dllTbrait aireumstaDoes, iuTented by David Eirkaldy. is shown in Figs. 7229 to 7232. 

Three hydraulio cylinders in one 
pieoe^ with their rami, are placed at im. 



=.E^:^ 



^—h 



i 



Mtoatrf b, three pnlnia, two of which hevo the *.mo area, hot work with their rtrohes "Iterniitma 
whUit Ih. thW i. ot lEVer eUecti.. .re. .1 Hret then either ot the oth«>, hut i. » eoolrmd Ih.t 
b. detwhiOK ft part ot iU plunger it mey be worked ftfterwerde with a emftllor elTectlYO erea. The 
SiSSrS!.; Eflho pip, ta. lb. pump. i. with the bottoui. ot the thr« ejllud.r,, aud a eill.ll 
■erewJUip .aire ie applied lo «.eh ojlinder. Tiie bylraulic o, mdere are JxedU •■"•J »' • l™! 
■oU-plato or bed-taSe. whioh i. formed with V-grooYe. to guide . ream.. ete»i-bad, Hied npou 
the fcur rod. bv aeiew ouli For appiyiug oru.ling .tnuri.,T»iiidmg a, ti«i...r«i .traiu^ jud eom- 
preeaing, punebing, or indenting stmine, thi. eteee-h.ad m flied on the rod. w aa to oompreM the 
'^^ ;?nlbe .lire belweoiit .nd tb. orlindem; whil.t for applmg t.n..le or dramng and 



towards the cylindeis. The nuU, however, remai 
mitahle lenglJiB are pnt on the rods in halves boti 
■train from the nuts to the croas-hcad. In all 
the rams ' 
weights 



at the end of the rode, and tubular pieces of 

en the nuts aud the cross-bead (o transmit the 

u .... ..^|...oa!irina of the apparatus the strain eierted bv 

of levers combined with graduated steelyards, to which 



bdlUoi 



are applied whereby to measure the strain brought to bear on the specimen. The &st lever 
1 a bonzontal plane at the end of the machine opposite the nna. bamg supported ^y metal 
by suspending linka, and bemg acted upon by a T-pi««S n**^ *^ ^"^ P"** **'"''' '~"™ 
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the end of the lever between them. In the caae of cnuhing, bending, oompreGoing, or Bimi]«r stnins, 
the X~P^^^ ^ connected either by aide rods or by upper and lower links to an inner croea-hesd, 



Y3S1. 









u 



between which and the main cross-head the specimen is placed. In the case of tensile or drawing, 
and of shearing: strains, the specimen is connected to the Hf-piece oatside of or beyond the main 
orosa-head. The lever has its fulcrum knife edges bearing m a forked piece fixed to the raised end 
of the sole-plate or bed-frame, or it may be made with round pins bearing on anti-friction rollers. 
The end of tiie long arm of the lever is connected by a link to a short arm, projecting vertically from 
a horizontal graduated steelyard, working in a vertical plane and fitted witn appliances for weighing 
or measuring the strain transmitted by means of weights. The steelyard may d« formed with round 
journals or pins resting on anti-friction wheels, or it may have its bearing by a combination of knife 
edges on surfaces disposed to meet the various strains. A weight is applied to the non4ndicating 
end of the steelyard to counterbalance the weight of the long arm, so that the minutest strains may 
be measured, and this weight can be easily removed when the strain to be measured exceeds its 
amount, so that then so much less weight will require to be put on the yard. For the purpose of 
measuring greater strains, a second balanced steelyard is arranged above the first, and the strain is 
transmitted to it from the first by a stmt or rod, which can be adjusted out of the way when the 
upper steelya^ is not to be used. The steelyards are marked in the usual way to indicate the 
sfitiins, and an alarm apparatus is fitted in connection to indicate when a particular or proof strain 
is arrived at in performing an experiment 

Provision is made for measuring and indicating change of form in specimens operated upon, 
whether by elongation, compression, bending, or otherwise; and the appliance for this purpose 
consists of two pcurts connected separately to the cross-heads or other parts of the apparatus between 
which the specimen is placed. One part comprises a rack gearing with a pinion on a pile carried in 
bearings, wnich with a stationary pointer form the other part. 

Provision is made for indicating through several turns of the dial by forming on it a spiral groove 
in which there works a small slide acted on by the pointer, and this slide shows in what cirole or 
convolution of the spiral any indication is to be read. In some cases there may be a movement 
between the part carrying the dial and tiie specimen, such movement interfering with the indication 
of the movement, exclusively due to the specimen, and to provide for such oases the pointer ordi- 
narily fixed with a screw may be set free to be moved by a rack acting on a pinion formed on it, such 
rack being connected to the specimen and correcting any movement of the part oan-ying the dial. 
The indicating appliance thus arranged may be fixed on any convenient part of the machine. 

For bending specimens or subjecting them to transverse strains the main cross-head has fitted to 
it two bloclm, which can be adjust^ near to or farther from the centre ; and whilst these blocks ara 
brought to bear on two parts of the specimen, a third block pressed in the opposite direction is made 
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to bear on the other ride of the speoimen and between the two other blocks. The blocks may be 
arranged to grip the specimen. 

F(x applylDff torsional or twisting strains, the bed-frame of the machine is provided with bear- 
ings to receive me shaft or spindle to be tested ; and in testine, two toothed wheels are fixed on the 
spindle, npoD which wheels a utrain is applied in one direction oy means of racks jointed to the main 
cross-head, whilst the epposite strain is received through a lever fixed on the shaft between the two 
toothed wheels. Adjustable scales to show the amount of movement are put on the wheels, the 
pointers to such scales being attached to the holding lever, so as to show the total movement. 
Wheels of different siaes may be applied and at different distances apart, and scales may be put 
upon suitable parts of the apparatus to measure any change in the length of the specimen. The 
wneeLs may be acted upon by chains or other jointed or flexible connections. 

To measure the force actuallv concerned iu applying bursting or collapeine strains bv fluid prea- 
sure, a cylinder is fitted to the chamber or vessel into which ttie water or fluid used in the operation 
is forced, and which vessel will be the vessel or structure to be tested in the case of a bursting 
strain, but will contain the vessel or structure to be tested in the case of a collapsing strain. The 
ovlinder is fltted with a piston, and the chamber or vessel is placed in the machine in such a way 
that the rod of the piston may communicate the pressure on its area through the T'Pi^^^ ^^d lever 
to the steelyards. If the pressure of the atmosphere is to be used in ooUapeing tae specimen or 
vessel, the cylinder and piston is arranged in the machine in such a way that the piston will be 
drawn outwards relatively to the vessel oy the action of the hydraulic rams, end so tend to produce 
a vacuum inside the vessel, water or other liquid b^g contained therein. 

The machine may also be used for measuring and indicating change of form or strength in a 
specimen when subjected to heat or cold, as the apparatus for applying the heat or cold may be 
easily introduced into the machine in sncn a way that tha specimen under experiment may act on 
or be acted on by one or both cros:i-heads. 

It is an important feature of the improved apparatus that the specimens operated upon are placed 
in a horizontal position, which has many practical advantages, and amount other thmgs it admits 
of the application of combinations of strains. Thus percussive, vibratory, jarring, and oQier strains, 
may be applied to the vpecimens whilst subjected to any desired degree of tenrile, transverse, oom- 
presrive, or similar strams. 

When the apparatus is not required to apply great strains, one or two hydraulic cylinders or a 
screw or combination of screws may be substituted for the three hydraulic cylinders. 

Fig. 7229 is a plan of the machine, with the strain-indicating apparatus in horizontal section ; 
Fig. 7230 is a longitudinal vertical section of the main part of the machine ; Fig. 7231 is a side 
elevation of the strain-indicating apparatus, with the framing in vertical section ; and Fig. 7232 is a 
transverse vertical section taken at the lines C, G, Figs. 7229, 7230. The different parts represented 
in the figures are referred to by the numerals 1, 2, 8, and so on. The hydraulic cylinder 1 is fixed at 
one end of a long sole-plate or bed-frame 2, which, tor convenience, is cast in four separate parts, and 
rigidly bolted to each other, and held down by tie-bolts to a massive foundation of masonry. The 
bed-fifame is formed with y -grooves along the sides to guide tl e cylinder cross-head 8, whidi has 
attai*hed to it the four rods 4, and to guide a second cross-head 5, which is fixed by screw nuts on the 
rods 4, these being screwed for the purpose. For applying crushing strains, bending or transverse 
strains, and compressing, punching, or indenting strams, this cross-head 5 is fixed on the rods 4 in 
such a position as to compress the specimen 8 in the space between it and the cylinder 1 ; whilst for 
applying tensile or drawing and similar strains, the specimen is plaoed on the other ride of the cross- 
head 5 to draw the specimen towards the cylinder 1. 

In Fig. 7229 the machine is shown as applying a bending strain to a specimen 8. The rods 4 
are represented aa screwed for a considerable portion of their length, in order that the cross-hf ad 5 
may be adjusted upon them in any convenient position ; and to focUitate such adjustment proviaion 
is made for working the four screw nuts rimultaneously, they being formed with pinion- teeth 
connected by intermediate toothed wheels, and worked by a hand-shaft 6 through a pair of bevel- 
pinions. The working of the nuts backwards and forwards may be avoided by applying tubular pieces 
of suitable lengths to be put on the rods in halves between the nuts and the oross-heao, in which case 
the nuts might always remain at the ends of the rods, the tubular pieces transmitting the strain to 
them from the cros^-heud when this is placed nearer to the cylinder. In all applications of the 
apparatus the strain exetted by the cylinder 1 is opposed or met by a system of levers combined with 
graduated steelyardt^ to which weights are applied to measure the strain brought to bear on the 
specimen. The first lever 7 works in a horizontal plane at the end of the machme opposite to the 
cylinder 1, being supported on metal balls or struts or by suspending links^ and being acted upon 
by aT-pieoe 8 made in two parts, which receive the lever 7 between them. In the case of croshmg, 
bending, compressing, or similar strains, the T-pi^ce 8 is connected either bv ride rods or by upper 
and lower links 9, as shown in Figs. 7229, 7230, to an inner cross-head or block 10, between 
which and the main cross-head 5 the specimen 8 is placed. In the case of tensile or drawing, and 
of shearing and other similar strains, the specimen Ib connected to theT-piece 8 outside of or 
beyond the main cross-head 5. The strain of the T-pieceis communicated to a vertical pin 11 fixed 
in the lever 7, and fitted with steel knife edges, which bear against steel pieces fitted in eyes which 
are formed in the upper and lower parts of the T-pi®oe ^ receive the pm II. The fulcrum knife 
edges of the lever 7 are fitted upon a rimilar pin 12 fixed in the lever, and they bear upon steel 
pieces fitted in eyes formed in a forked piece 13 fixed to the raised end 14 of the bed-frame 2. The 
strain acting between the end of the bed-frame and the abutment 15, against which the inner end 
of the cylinder 1 bears, ib met by two cast-iron rods 16, as well as by the bottom of the bed-frame 
itself. These rods 16 are keved at one end in the abutment 15, and at the other end in an abut- 
ment 15 formed on the bed-frame, and connected by ride ban to the raised end or abutment 14. 
The first lever 7 is represented ss supported by stmts 18, at each end, the lever being fitted with 
knife edges to bear on the struts, and tne struts bearing on knife edges on the bed-frames : and this 

F 2 
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arrangement admits of the very slight movements of the lever with the least firiction. The end of 
the long arm of the lever 7 is connected hv a link 19 to a short arm 20 projecting vertically down- 
wards from a horizontal graduated steelyard 21 working in a vertical plane, and fitted with 
appliances for weighing or measuring by means of weights the strain transmitted. The link 19 is 
connected to the first lever 7 by means of upper and lower plates connected together, and to the 
lever by pins, and formed with eyes, into which a pin in the lever is entered, and on steel pieces in 
which knife edges on the pin heir. The link is connected to the steelyard 21 in a similar way. 

The steelyard 21 may oe formed with round journals or pins resting on anti-friction wheels, but 
a combination of knife edges bearing on surfaces disposed to meet the various strains is preferable. 
A weight 22 is applied to the non-indicating end of the steelyard 21 to counterbalance the weight 
of the long arm, so that the minutest strains may be measured, and this weight can be easily 
removed when the strain to be measured exceeds its amount, so that then as much less weight will 
require to be put upon the yard. For the purpose of measuring greater stmins a second balanced 
steelyard 23 is arranged above the first, and the strain is transmitted to it from the first by a stmt 
or rod 24, which can be adjusted so as to be inactive when the upper steelyard is not to he used. 
The stmt 24 is forked at both ends, and the strain is communicated by knife edges on the lower 
3rard, and is received by knife edges on the upper one. The stmt is in two pieces, which are keyed 
together, and when it is to be inactive the piuts are keyed together in such a way as to shorten it, 
whilst the upper parts being looped round the upper knife edges, it is prevented from falling. The 
steelyards 21, 23, are markeid in the usual way, and are provided witn weights 25, 26, to indicate 
the strains, and a bell alarm apparatus is fitted in connection with each yard to indicate when a 
particular or proof strain is arrived at in performing an experiment. The weights are easilv moved 
along the vards by means of endless cords passed round pulleys at each end, actuated oy small 
hand-wheels. The yards are carried by two standards, 29, 30, each of which is formed in two 
pieces, so as to enclose the yards between them, and with openings for the points of the yards 
to work in, these openings being fitted with wooden striking pieces for the yards to come in 
contact with when any sudden moyement takes place from a specimen giving way. With a 
similar object, wooden striking pieces are also fitted in the eyes of the X'P^^^^ S« ^^^ ^^ ^^ rak>ed 
abutment 14, where the X-p^^^'o would strike. Provision is further made for measuring and 
indicating change of form in the specimens operated upon, whether by elongation, compression, 
bending, or otherwise ; and the appliance for this purpose consists of two parts to be connected 
separately to the cross-heads or other parts of the machine between which the specimen may be 
placed. See Materials of Oonstbxjctiok, Strength of. 

TIN. Fb., J&tain; Geb., Zinn; Ital., Stagno; Sfak., Estaflo. 

TVn, Sn. Atomic weight = 118. Molecijiar weight unknown. 

Tin is found in nature as an oxide, sometimes mixed with sulphur. This sulphuret of tin, or 
tin pyrites, is found chiefly in the Cornish mines, but it is of little value oominercially. Only 
a few localities produce this metal, though it is one of the earliest known. Cornwall has always 
been ihe main source of supply to the whole world, but recently extensive tin-producing districts 
have been discovered in Australia, and it is probable that these deposits, which have been proved 
to be very rich, will furnish large quantities of the metal in the future. Malacca, in the Malayan 
Peninsula, and some of the neighbouring islands, have long produced tin in small quantities, and 
the tin there found is in a nearly pure state. There is but one ore of tin of any importance, 
namely, the peroxide, which, in its pure state, consists of tin 78 and oxygen 22 per cent. The ore 
is of various colours, as grey, several shades of yellow, red, and black. Its specific gravity, which 
is a noteworthy feature, is 6*9. Tin ore occurs in mineral veins running through granite or slate 
rooks, or disseminated in crystals throuorh their mass. The tin stone which is obtained from the 
veins or lodes, as they are called in Cornwall, is known as mine tin; while that procured by 
washing alluvial deposits is called stream tin. The latter is the result of the disintegration of 
granite and other rocks containing veins of tin. The ore is first roasted in contact with the air, 
in order to convert the whole of it into oxide ; it is then heated in contact with carbon, the process 
converting the carbon into oxide of carbon, and the latter reducing the oxide of tin to the state of 
metallic tin. 

SnO, + 260 = 2ee, + fin 
Oxide of tin. Oxide of cartxm. Carbonic Tin. 

anhydride. 

Tin is a silvery white metal with a high metallic lustre. It possesses a crystalline texture, 
which may be made apparent by attacking its surface with an acid. The crystals axe of tlie 
pymmidal or tetragonal system. It is in consequence of its crystalline texture that a bar of tin, 
when bent, emits a peculiar creaking sound known as the cry of tin. Tin is a soft metal, and very 
malleable ; it may be beaten out into very thin laminie, in which form it is known as tinfoil. Tin 
is susceptible of being pulverized directly, but it is usually obtained in a pulverized state by 
fusing it and keeping it violently agitated while solidifying. It fuses at a temperature of 442^. 
At ordinary temperatures it is not acted upon by exposure to the air; but it becomes rapidly 
oxidized when in a state of ftision, and at a red heat it bums with a brilliant white fiame, pro- 
ducing stannic anhydride, %n. O,. The acids, such as nitric acid or nitrate of potassa, act violently 
upon tin, and produce either metastannic acid 6n, HioO^s, or stannate of potassa SuK-O,. Tin 
unites directly with phosphorus, sulphur, chlorine, bromine, and iodine. Hydrochloric acid 
dissolves it, with extrication of hydrogen, and forms protochloride of tin. 

Sn 
.CI// "^ "" - a. 

)ricacid. Tin. Protochloride of tin. Hydrogen. 

Unlike all the metalloids we have noticed, tin forms with oxygen an oxide Bn 0, that is a 
true baflio anhydride, capable of combining directly with the acid anhydrides and the acids, with 




sn = -} + 1} 
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extrication of water, and forming salts. These salts are distinguished by the following chaiao- 
teristics ; — 

1. Water deoompoees them and forms an insoluble sub-salt, whilst a certain quantity of acid 
which has been liberated holds in solution another part of the salt not decomposed. 

2. Potassa determines in them the formation of a precipitate which is soluble in an excess of 
the reagent, but which is again thrown down when the solution is exposed in a vacuum. 

3. Chloride of gold produces in the solution of these salts a purple precipitate known as purple 
of Cassius. 

4. With hydroaulphurio acid they give a brown precipitate soluble in hydrosulpliate of ammonia, 
and boiling hydrochloric acid, but insoluble in ammonia. 

The combiuatious of tin with the metalloids which we have previously considered are the 
following ; — 

Protochhride of Tin, 6n CI,. — The protochloride of tin may be obtained by dissolving the metal 
in hydrochloric acid ; it is a eolid crystallized substance, and it becomes volatile at a diQl led heat. 
Water deoompoees it into hydrochloric acid and oxychloride of tin, 6n, Gl, O. 




Protbchlori2te Water. Oxychloride of tin. Hydxvdilortc mU. 

of tin. 

The solution of bichloride of tin, when heated with hydroohlorio acid and sulphurous anhydride, 
gives a yellow deposit of bisulphide of tin. 



(c?.}) .+ 28«. + 8(ci}) = *>». + «0 ^ *(h}^) 

tocblonde Snlphurooa Hydrochloric Biralpbide Blcmoride Water. 
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Protochibiide Snlphurooa Hydrochloric Biralpbide 
of tin. anhydride. add. of tin. 

Protochloride of tin has a strong affinity for chlorine, which converts it into perohloride of tin, 
and fur oxygen, which converts it into a compound of perchloride of tin and stannic acid. 

2SnCl, + 1} + h}^ = ^^""Hn^* ■*" ^^^* 
Bichloride of tin. Oxygen. Water. Stannic acid. Perchloride of tin. 

Perchloride of 7%ft.— Perchloride of tin is prepared by passing a stream of chlorine in excess 
over tin slightly heated. It is a smoking liqmd, which gives wiw water a Qrystallizable hydrate, 
6n CI4, 5 aq. The bases decompose it into stannate and metallic chloride. 

Peichloride Potoina. Stannate (Hpotaasa. Chloride of 

of tin. potaaaium. 

Hydrosulphurio acid gives with the perchloride a yellow precipitate of sulphide of tin, soluble 
in ammonia, nydroBulphate of ammonia and boiling hydrochloric acid. Chloride of gold does not 
precipitate it. 

Of the bromides and iodides of tin, little need be said. The protobromide is psenared in the 
same way ns tlie protochloride, and it possesses similar qualities. Tne same may be ttaid of the per> 
bromide. The proto-iodide of tin is prepared by the direct combination of one atom of tin and two 
atoms of iodine. Its properties are similar to those of the protochloride and the protobromide. The 
periodide is also obtained by direct synthesis, and it possesses qualities similar to those of the 
perchloride and tlie perbromide. 

Fluorides of Tin, — Two fluorides of tin are known, a protofluoride 6n Fl„ and a bifluoride finFl^. 
They are obtained by treating the protoxide and the stannic anhydride by hydrofluoric aoid. 

Sue + 2(^1) = 6nFi, + HJe 

Protoxide of tin. Hydrofloorlo add. Protoflnorlda Water. 

of tin. 

ene, + 4(]^}) = SnFl, 

Stannic Hydrofluoric Perflnorlda 

anhydride. add. of tin. 

Protoxide of Tin.— When protochloride of tin la predpitated by potaasa, a minimum hydrate of 

tin, u > 0„ is obtained, which is of a white colour and insoluble in water. It is capable of acting 

both as a base and as an add, that is, it will produce the double deoompotition both with the bases 
and the adds. 

Miaimimi hydrate Snlpharie add. Sulphate of tin. Water, 

of tin. 




6n 
H 



»}e. + 2(i}e) = *;}e. + • ag}©) 



Mhiimnm hydrate Fotaaia. 8tannlte<tf water, 

of tin. pot 



When the watery solution of stannite of potassa is left in a vacuum, it deposits black crystals of 
anhydrous oxide of tin, which decrepitate wh^n heated and are changed into small flakes of an olive 
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colour. Tho Bume solution, when subjected to the action of heat, is converted into stannate of potasaa 
and tin which is thrown down. 

Stannite of potaasa. Water. Stannate of potaaea. FotasBa. Tin. 

The minimum hydrat« of tin when boiled in an excess of ammonia loses water, leaving anhy- 
drous protoxide of tin of an olive odour. 



je, = Bfie + gje 



6n' 

Hydrate of tin. Anhydrona Water. 

protoxide of tin. 



If the protoohloride of tin is precipitated by an excess of ammonia, boUed for a moment and the 
mass driea without separating: the hydrochlorate of ammonia formed, protoxide of tin is obtained of 
a bright rud colour. This oxide assumes an olive hue when rubbed with a hard substance. Thus 
the protoxide of tin is polvmorphons, and the most stable of the three forms it muy affect is tiiat 
which pre^nts an olive colour. 

Stannic Anhydride, Sn O,. — Stannic anhydride is produced by calcining the stannic and metii- 
stannio acids. It constitutes a white mass insoluble in water and capable of giving stannates when 
heated witii an excess of potassa or soda. 

Stannic Acid, ^ ^H 0,. — This acid is nothing but the first anhydride of the unknown acid c^} 04* 

It is obtained by precipitating the stannates by hydrochloric acid. 

Stannate of potaasa. Hydrochloric add. Stannic add. Chloride of 

potafldum. 

Stannic acid is « white gelatiuons substance, soluble in dilute nitric and sulphuric acid. Under 
the influence of a gentle heat it is converted into meta&tannic acid. 

At a red heat it loses its water, and is converted into stannic anhydride. It combines with the 
bases giving salts the formula of which is m h } ^s* 

Metastannic Add, ^^^[O,,. — ^This is the first anhydride of the unknown pentastannio acid, 

g * > O,,. It is obtained by heating tin with nitric acid. 

Tin. Water. intrlcacid. Metastannic add. Binoxldeof 

uitroge^. 

Metastannic acid is a white, crystalline substance, insoluble in water and in dilute nitric and 
sulphuric acids ; it dissolves, however, in hydrochloric acid, and in concentrated sulphuric acid. 
Water does not throw it down from these solutions. 

Metastannic acid is insoluble in ammonia when it has been prepared by means of nitric acid. 
But if it is thrown down from the solution of one of its salts by means of an acid, it dissolves readily 

(Sne)/| 
in that alkali. With the bases it forms salts, the formula of which is H, > Oj, . When heated 

Mj j 
with an excess of the base, these salts are converted into stannates. 

Sulphides of Tin. — ^There are two sulphides of tin, a protosulphide SnB, and a bisulphide 6n B,. 
Both of these may be obtained by passing sulphuretted hyorogen through the corresponding 
chlorides. 

SJ + Hn]^) = «-«. + *g}) 

Fercbloride Sulphnrttted Bisnlphid^ Hydrochloric 

of tin. hydrogen. of tin. add. 

S) + h}s = *»« + 2(=}) 

Protodiloride Solphnretted Blsolphide Hydrochloric 

of tin. hydrogen. of tin. add. 

Another method of preparing the bisulphide of tin is to heat together 12 parts of tin amalga- 
mated with 6 parts of mercury, 7 parts of sulphur, and 6 parts of chloride of ammonium, until the 
mercury and tiie chloride of ammonium are completely evaporated. When prepared in this way, 
the bisulphide of tin is known as mosaic gold. Botii sulphides of tin unite with the alkiiline 
sulphides, producine snlphoealts. See Obbs, Machinery and Processes employed to Dress, 

TUNNELLING. Fb., Percement des tunnels; GsB., Tvnndbau; Ital., Perforazume dclk gal- 
lerie ; Span., Ccnstrwxion de tiineles. 

See Railway Engine ebinq. 

TURBINE WATER-WHEEL. Fb., Turbine ; Geb., Turbine ; Ital., Turlnne ; Span., TwUna. 

A turbine is a water-wheel, having generally a vertical Kxis, to which motion is imparted by a 
column of water entering at the centre and passing off at the ciroumference, as in that originally 
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inTented by Fonmeyion ; or the leYerse, as in Thomson^s vortex wheel. In another urangement, 
that of Bardio, the water enters from above the wheel and paasee oif beneath ; in this system there- 
fore the distance of the water from the axis remains constant In uome cases, as for example, 
Jonval's turbine and Gerard's screw wheel, the axis is horizontal. 

Turbines are usually divided into high and low pressure, the former being driven by a smull 
body of water having a high fall, and are therefore particularly suitable for erection in hilly 
districts, where the supply of water is small and variable, wl^e at the same time there exi&t great 
farilitieti for the easy construction of reservoirs ; the latter are adapted to a large body of water 
having a low fall, in some cases not more than 9 inches. 

The oldest forms of wheels having a vertical axis are found in the south of France and in 
Algeria. The most simple of these, called nnuta volants^ consist merely of an upright shaft on 
which is fixed the wheel, having plain curved floats, driven by the impact of a column of water 
discharged on the upper surface from a wooden trough or spout. The maximum effect obtained 
fiom these wheels, under the most favourable circumstances, is *d5 of the absolute work due to the 
fall. Another form found in these parts, called rouea a ewe, consists of a wheel having curved or 
spoon-shaped buckets, erected in a casing of wood or masonry ; the water being appUed by a pipe 
at one point on the oiioumference, and making its exit at the centre of the wheel liom the bottom of 
the case or tub. 

It was fh>m an examination of this wheel that Fonraeyron was led to make those experiments 
which resulted in the invention of the modem turbioe, the first beins erected by him in Franche- 
Comt^ in the year 1827. These turbines, as well as several others, have already been illustrated 
and describi^d under the head of Hydraulic Machines ; we shall therefore confine ourselves to an 
examination of the principles which govern the action of these wheels, and of the proper proportions 
which should exist among their several parts in order to obtain the maximum effect nom any given 
fall. Numerous experiments made by Morin to determine the duty of turbines and the proportions 
of their several parts which g^ve a maximum duty, have thrown considerable light upon these difii- 
oult problems, in some of the following remarks we shall avail ourselves of the experience of this 
celebrated hydraulic engineer. 

Turbines which receive the Water at the centre and discharge from nsa. 

the drcwnference. — ^From Fig. 7283 it will be seen that this wheel 
is composed of two separate and opposed aeries of radiating 
buckets; those in the interior a being fixed and serving to dirvct 
the water, conveyed to them from the fall by the pipe e, with a 
tangential motion upon the face of the budcete b which constitute 
the wheel proper, and to which motion is thus imparted. 

Peiveniage of Work. — From a number of experiments which 

have been made with this dass of wheel, it has been found that 

if we make n the number of revolutions made by the wheel in one 

minute, V the velocity due to the total' fidl, B the exterior radius 

of the wheel, the number n being comprised within the limits of 

8*8 V 5*6V 

the equation n = — ^— and n = -^ , when the opening of the 

tlincting vanes or sluices ekceeds ) the height of the buckets, the 
useful effect transmitted by the wheel will be represented, to within 
^^ by the formula Fv = 40-5QHtoPv = 48*7 Q H foot pounds. Where P equals the mean fbrce 
tnuismitfed to the outer circumference of the wheel in ponnos ; V the velocity of the outer circum- 
ference of the wheel in feet a minute ; Q the quantity of water in cubic feet passing in one minute, 
and H the total fall in feet 

When the opening is from <^ to f the height of the buckets, the nsefhl effect wiU not be more 
than P = 87*4 Q H to P e = 41*0 QH foot pounds; and for smaller openings it will decrease still 
faster. 

To exemplify the use of the formula, let it be required to find the useful effect transmitted by 
one of Foumeyron's turbines under the following conditions. Quantity of water passing in one 
minute 1680 cub. ft. = Q; total fall 22 ft. = H; the absolute work of the motor is 

1680 X 22 X 62*4 - 2808347 foot pounds ; 

and the number of revolutions being kept between the indicated limits, we shall have 

40*5 X 86960 = 1496880 to 48-7 X 86960 = 1611152 foot pounds 

for the amount of useful effect 

Proportions of Parts, — In calculating the proportions which should exist between the various 
parts of a wheel of this description we shall have, B the interior radius of the sluice cylinder, B' 
the exterior radius of the turbine, B" the interior radius of the turbine, and seeing that the mean 
useful effect is equal to * 65 of the absolute work of the motor, we shall have the relation 

P 9 

P = 40*5 Q H, and Q = ^^ ^ -^ , fW>m which we shall be aUe to determine the volume of water 

40*5 H 

Q passing in one minute necessary with a given Cedl H to obtain the reqnired nseftil effect Tv, If 

the volume of water Q is known, the above formula will give the useful effect 

In order to obtain the maximum effect, the bottom of the wheel should be placed a few inches 
above the mean level of the standyig tail-water. 

The mean velocity of the water in the sluioe sho uld not exceed 5 ft a second ; and the radius of 

this cylinder ia calculated by the formula B = ^ / . Addmg to the result thus obtained 

1*2 in. in order to allow for the thickness of the metal and a slight amount of play or clearance 
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the exterior ntdius will 

Dim^siofts and Nambsr 0/ t/u Direvtiag Vana or Oaidti. and of iht BucktU.^Tfhea tbe qDantity of 
water passing Uiiough the wheel in one miante Is between 13,000 &nd 20.000 gallons, the ttiidcDtM 
a of the sheet of wattr pausiog between t«o cooseoutive rftnee, or the ehorteat distance of tbe latter 
apart, should not exceed 24 in. And in proportion as tbe quantitjaf water decreases, this distanoe 
Bliould also be redu(«d, Tbe distance between two consecatiTO vanes measured on the circumfer- 
ence B will be J = 2r -t- from '16 to '20 in,, according lo the thickness of the iron plate of whlob 
tbej are mude. DiTiding the circumference of the sluice cylinder 6'26 R by I and taking tbe 
nearest whole number of tbe quotient wbicli is divisible by seTeral factors, for tlie nnmber n oif the 
directing vanes or guides, the number n' of tbe buckets will be n' = I ' S3 n. The interior height » 

of the turbine and tbe opening of tbe sluice will be < = , If, however, the quantity of 

water sometimes falU oonniderably below and at other times rises aonsidetsbly aliave tbe avetago, 
it is better to increase the height r, and to divide the torbine by diaphrogmt of thin plftte iron, 
into two or more borixontal sections. 

The mean velocity of the exterior oitemafereuce of the turbine will be V = 'S5 V2irH. to 
■60 1/2 gB. 

OUertaliant, — Tbe preceding formula are only applicable to Mia of 6 ft 6 in. Mid under. 
For higher falls, or where tbe velocity of the stream is great, tbe size of tbe wheel should be 
increased by making £' = 1'4B" for falls nuiging from 6-6to 16'4ft.; and for still bigber ttUt 
E'= 1-5 B''. 

Tbe distance between the buckets on the inlerior and exterior ciranmfbrence* of the wheel will 

bo fouud by the formuhe ; — uid ; — : and deducting tbe thickneas of tbe metal employed, 

we sliall have the distance I and r from one bucket to the next, measured on theae ciroumtereDcea. 
The shortest distance a' bom one bucket to the next, including the thickness of the metal, will be 
appnjximatively determined by the formula a' - ■ , . And deducting the tbicknew of tbe 
metal we shall have that assumed by the sheet of water when escaping from the wheel. 

Made of dSinsaixng th» BaiAelt. — The number « of the buckets of tbe tnrbiue being determined, 
ns well as their shortest distance a' at the exterior circumference, divide this aircmufereuoe into the 
number n of equal pejts, as 1 2, 2 3, 
and so on, Fig. 7234. From each of 
theee points draw tangents as 2 A, 
and lines as 2 B inclined at 25° to tbe 
tangents. From the points I, 2, as 

centres, with mdins 1 1 , 2 2", equal to *—if 

tbe shortest interior distance a of the , ; 

buckets, describe aioB of circles; in- —.' 

crease this radius by tbe tliickness of • 

tbe metal forming tbe bnokets, and '" •* 

describe other arcs, bb 1 1", 2 2"; then •- 

the interior curve of the bnckels will 

be tangential to these arcs, and the " ' 

exterior curve tengenliaJ to the arcs 

1 1', 2 2'. The eiterior snrfiice of the 
bui^ket may then be determined in the 
following manner. Froduoe tbe lino 

2 2"'oulflide the exterior cirwimferenco O ■• 
and make 2 2"' equal 2 2'; join tiia ^~ 
points 1 and 3'". At the centre of 

tbe line I 2" erect a perpendicular, 

and tbe point where this perpendicular 

oats the line 2 2' produced wilt be the 

ccatre of the arc of the niicle forming 

between the points 2 and 1' the profile 

of tlie bucket. For tbe portion of this 

profile comprised between tbe point 1' 

and tbe interior circumference wepro- 

oeed in the following manner, ftora 

tbe point C, with radius C 2", describe 

an arc cutting the inner circumference in D, wliioh will complete the traee of the bucket. The 

position of the point C is determined in the following manner. From tbe centre of the wheel O 

draw a line, as O C. cutting the line 2 2' prolonged in a point C situate outsiiie the interior circom- 

ferenoe, biasot the line in d, and from d, with ladina d O, describe a semicircle which wilt cut the 

interior ciionmference of 1he wheel as at D ; then, if the dislance D C equals 2", C is the point 

nuired. If tbe distance D C is less than C 2" draw the line U nearer to 2", if it is greater draw 
uther from 2". After two or three trials the poeitioo of the point mny be found with snttcient 
aocutaoy for all praotioal purpoaes. In order to narrow the discbsjging channels a little at their 
commenoement, it is necessary to increase the thickness of tbe bucket ou its exterior surfaoe. The 
form of curve Hah which ibould be adopted may be traced with sufficient aconiaey by hand, 
taking cere, however, that it starts tsugentially from the first pari at 2' end gndoally tqdna tbe 
interior snrfaee of the bucket at D. 
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To trace thaDtrecHM Foum.— From the point D draw a tine D E making with the taneentDF 
on the interior oircumrarenoe an angle of 30^ ; this will give the direction which shonld be taken 
by the water when leaving the supply cylinder. At the point D on the line D E erect a perpen- 
dicular D O": from the centre (f of the line DO erect a perpendicular d'O"; and the point O" 
where these perpendiculars intersect will be the point from which to describe with radius C D 
the profile of the directing vane. The half only of these directing vanes will be extended to the 
central supply cylinder ; ue length of the remainder bcdng determmed by a eirole drawn from the 
centre O with radius O (V'. 

ExampU.^Jjei it be required to construct a turbine of 40 horse-power for a fall of 6 ft., which 

S3000 X 40 

shall return a useful eflfeot of -65 of the total work. Then we shall have Q = .^ , ^ ^ = 5432 

w'a X o 

foot pounds. 

The radius of the sluice cylinder will be B = . /^^ = 83*5 in., and adding to this 1 -2 in. 



/5432 _ 
V 4-712 



for the thickness of metal and clearance, we shall have R" = 84'7 in., and B' = 1'33 x 84'7 = 

49-7 in. 

Taking a = 2*4 in. and deducing from it the distance apart of the buckets on the interior 

6 * 28 B'' 
circumference of the wheel / = 2 a = 4*8 in. ; then n = — ^ = 48'81, and taking the round 

number » = 44 for the number of directing vanes, we shall have n' = 58 for the number of buckets. 

6*28 X 34*7 
The distance apart of the vanes will be — = 4*93 in., and the thickness of the metal 

being taken as *2 in., we shall have a = 2*66 in. The are occupied by each bucket will be 

6 * 28 X 49 * 7 

— = 5*4 in. ; and the thickness of the sheet of water passing between two consecutive 

buckets will be a' = 2*7 in. 

The vel ocity of the exterior dromnferonce of the wheel in feet a second will be 

\" = -55 V64'4 X 6 = 10*8, and the number of revolutions made by the turbite in one minute 

will be N = z,-^ jr-r, = 30*6. 

6*28 X 2*9 

Wheels of this kind may be erected with advantage under auv fall whether high or low; 
they occupy but little space, and tiieir weight in comparison with the power which they exert is 
very small. They exert a useful c^ect equal to *65 and often to * 70 of the absolute work of 
the fall, when the sluice-gates are open nearly or quite to the full height of the wheel. They mav 
be driven at varying velocities without any notable variation in the maximum effect. They will 
work at a great depth under water without the proportion of useful effect to the absolute work 
being sensibly diminished ; so that by plaoing them at the lowest level of the water, we may at all 
times utilize the full height of the fall. 

This wheel possesses the following delect When the opening of the sluice-gates is less than 
two-thirds the height of the wheel, the useful effect will oe found to decrease in proportion as 
the openings become smaller. This constitutes a serious detect in those situations where tiie 
supply of water is very variable. In fact, in the time of floods the wheel with its sluice-gates open 
to their full extent will, although drowned, return a useful effect of *70 of the total woik of the 
fall ; whilst in seasons of drought when the supply of water is small, and the height of the fall at 
its maximum, as the sluices can be opened but a fraction of the height of the wheel, the useful 
effect will fall to *60 and often to * 50 of the total work This defect may however, to a great 
extent, be remedied by the employment of horizontal diaphragms, dividing the wheel into several 
horizontal zones. 

A regulator. may be used with this turbine, but in that ease the sluices cannot be opened to their 
full extent 

Turbines which receive the Water at the circumference and discharge from the centre. — The action 
and construction of this class of wheel has been fully described under the head of Hydraulic 
Machines, pages 1928 and 1932. 

Turbtne which receives the Water from above and discharges from tM lower stoe, — This turbine is 
composed of two cast-iron zones or rings placed one above uie other, Fig. 7235, the lower one, which 
is the wheel proper, containing the buckets 6, which are constructed with helicoidal curved 
surfaces ; in the upper zone, which is ffxed, are placed the directing vanes or guides a, which serve 
to di8ohar|;e the water at Uie proper angle on the face of the buckets beneath. The quantity of 
water admitted to the wheel by the guides is regulated by the vertical rods c which, by means of a 
very simple contrivance, mav be raised and lowered together at pleasure. The pivot which supports 
the vertical axis of the wheel, instead of being in the water, is placed above, in situations 
exposed to great and long-oontinued floods these wheels are constructed with a double system of 
guides and buckets as a a', 6 b\ Fig. 7286; and by this means they may be easily adapted to the 
passing of very varymg quantities of water. 

Useful Effect. — From a vast number of expenments which have been made it has been found 
that when the vertical rods are raised so as to leave the openings of the directing vanes entirely 
free, the useful effect transmitted by this wheel will equal from -68 to '70 of the absolute work of 
the fall, and we shall have the formula P o = 42*4 QU to Po = 43'6QH. And when the rods 
are lowered so as to reduce the quantity of water discharged in the proportion of 4 to 8, the useful 
effect will not fuU below *575. 

Example.^WhBi is the useful effect given by a wheel of this olaas under the conditions Q = 9*4 
cub. ft. and H = 5 ft ? The rods being raised so as to allow of the maximum discharge of water, 
we shall have by the foregoing rule P v = 42*4 x 9*4 x 5 = 1992*8. 
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Cbtutnictim. — If the volume of mter Q ia not known, it nu; be oklmdftted by tbe ftsmiila 
I = „ , the uotAtion of whinb bas ftliMdj been given. 



The turbine ibould be «o plftoed tlkat 
the under aide of the wheel ia » ihort 
diitance abore the tuiud level of the tkil 

The thlokneae a of the iheel of w»ter 
pcuing between the direotiDgvHiieaahoald 
not exceed2-41o3-l in.fotlftTgevolnmM , 
of watei, luaall}' it is limited to 1'6 or 
2'OiQ.; tnd ttie sDgte made bj tba mp«n 
fluid vein with the upper Burfaoe of the i 
wheel will be 25°. The number n of 
the Kuides will be half the number n' of 
the oucket|, Kod we shall bare n' = 2 ti. 
The length > or the anpply cbuineli, mea- 
snred Id the direction of the radium, will 
bo equal to three or four times tbe ^ick- 

new of a ; but where the quitntity of water dinharged 1b very great, tbia length may be itill further 
indVoBi'd. The Ruidee being generaliy of cant iron they will occupy oo the circnmferenos of the 
flxed portion of the turbine a thickneeg of about ■ i in. Tbe portion I of the mean ciranmference 
oorreapoDdiug to the lower Bide of each supply channel will be found by the fbromla I = —. — ^^ 

= ^-tt;^- . The nombei n of the supply chamieia will be » = ■ , The mean Tadliu 

■*^ «4aeV6*-iH 

B will be oaloolated by tbe formula B = ^-^ . On etoh lide of thia olronmTeienoe, lay off in tha 

direction of the radio^ | *, and the circlee drawn throngh the points thus obtained will give the 
width of the directing vanes and the upper side of the' buckets; the lower dde of the nnckcta 
should be increaaed by at least ' 1, in order to allow of the free diBchsrge of tbe water. The thick- 
noHB of the sheet of water Sowing from the bnokets of the wlieel, or their ihortest distance a* from 
the under side of one bucket to tbe next, will be } a, the sheet of water flowing between two 
ainsecutive directing vanes or guides. The angle formed by the buckets with the under side of the 
wheel should be about 30°. The lieigbt of the wheel A', not inolnding tbe guides, will be thiee m 
four timea tiie thickneaa a. 

Moib 0/ delintaling tin Bnukett. — The velooity U of the water Upon the turbine being given by 
the formula of approach U = '9 V2(f H, the velocity of tbe mijan ciicumferenoe of the wheel 
will be T = 6 V2^H. Draw through the point m, Fig. 72ST, situate on the mean circumference 
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of ihe wheelf a line making ivith the horizon an ansle of 25° ; mark off on this line a length m 6, 
representing to a certain scale the velocity U. Upon the horiiontai passing through the same point m, 
lay off ihe length m a = Y , and con- 
struct the pfurallelogram m a 6 c, 
of which the side m c will repr^ 
sent the direction and the value 
of the Telocity of the water, requi- 
site to bring it without shook, 
upon the buckets ; and the mean 
profile of the budcet will be an 
arc of a parabola passing from 
the point m tangential ly to the 
line mcy and joining the under 

side of the wheel at »/, where / |J"'"~* ■•**& ^ 

it ii tangential to the line m'ti / JV 

making with the horizon an angle 
of 2XP, The axis of this parabola 
may be found by the proportion 
h tang. 80° 

"* tanp. 30° + tansf. c'ma/^ 

in which A is the height of the 

turbine, not including the guides 

and the angle ifmaf\B furnished 

by the trace. Knowing the axis 

of the parabola it will be easy to ^^'' 

complete the curre. The profile ^ 

thus determined is that which corresponds to the mean oiroumference of the wheel, and when the 

wheel is narrow the same profile mav be adopted for the sides. When, however, the length e is 

considerable, it is better to araw, by the same method, the profiles corresponding to the outer and 

inner circumferences as well as the mean profile. 

Example. — Let it be required to construct a double turbine under the following conditions. The 
quantity of water to be discharged in ordinary times is 57 cub. ft., with a fall of 10 ft. ; in the time 
of floods the water is increased to 85 cub. ft. while the fall is reduced to 7 ft. 

The total foroe will equal in ordinary times 57 X 62*32 x 10 = 86522 foot pounds, and in times 
of flood 85 X 62-32 X 7 = 37078 foot pounds. 

For the proportions of the exterior wheel, which is worked by itself under ordinary conditions, 

Q 57 
we shall have »a« = = =s 8*3 sq.ft. If we take a = 2*4 in. = •2 ft., 

-68V2yH -68a/64*4x10 

3*8 so ft 
s = 8a = 7'2in. s 'Oft, we shall have n = ^^ \'^ = 27*5, from which we take the nearest 

•2ft X •6ft 

whole number n = 28. For the length of the are of the mean circumference occupied by each 

J. ^ ij u 11 1- , ^' + ••* in. 2^4 in. + •4in. ^ ««, , - ^,. 

direotmg vane or guide we shall have / = — ; — s^^- = j^s = 6*62 in. ; and from this 

** sm. 25° ^423 

B = — ^^^ — = 2^46 ft. The number of the buckets of the wheel will be a' = 2 n = 56, and 

their shortest distance on the lower side a' = - = 1*2 in., with a length ^ = l-le r= 1*1 x 7*2 

2 

= 7*9 in. The exterior mdius of the directing vanes and of the upper side of the wheel will 

7*2 
be 29*5 -f -^ = 83*1 in. The velocity Y of the mean oircumferenoe in feet a second will be 

V = '6 Js/2gH = •6V64^4 X 10 = 15*28 ft. ; and the number of revolutions made by the turbine 

• * 111^1^ ^^ 60x15-23 „ ,- 
in one minute will be N = ^ ^.-> = s-^s — -.r-rs = 59* 15. 

6*28 B 6*28x2*46 

To determine the dimensions of the inner wheel, when the height of the fall is reduced to 

7 ft, it must be borne in mind tha t the quantity of wator passiug through the outer wheel 

being Q = *68 X 28 x *2 X '6^64*4 X 7 = 48*62 cub. ft., the volume received by the inner 
wheel will be 85 cub. ft. — 48 oub. ft = 86*38 cub. ft. Making a = 2-4 in., = 4a = 9*6 in.; 

then natf ^ = 2*5 sq. ft, and we shall have n = < ^ ' ^ = 15*6: and 

*68V64*4x7 •2ftX*8ft. 

taking the nearest whole number n = 16; / = — : — ^r^- = ^7-5 •* =: 6*62 in.; and 

^* sm. 25° '428 

_ 16x6*62 , .^ 

^ = -6^28- = ^'***- 

The velooity of this wheel may be varied within certain limits on either side of that correspond- 
ing to the maximum effect without the proportion of the useful to the absolute work diminishiDg 
in any marked degree. The maximum foroe which this wheel can exert rises to 1*48 times that 
corresponding to the maximum effect for the same openings of the guides. The employment of a 
double system of guides and buckets renders this wheel particularly buitable for situations where 
the volume of water is very variable, as it provides for the discharge of large quantities in times 
of floods, without any resulting inooovenienoes when the supply is small The improvement of 
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sabfititnting for the vertioal zods a flexible band whioh permits the entire opening of ^ any nomber 
of guides '^le tiie others remain dosed, does away with the disadvantage of partial openmgs and 
renders the action of the wheel more uniform under all conditions of water. The erection of this 
wheel does not present any great difficulties, and requires few hydraulic constructions. The piyots 
beiug placed above their water, can at any time be examined and oil6<l with little trouble. A govenior 
may be used, provided that the guides are not entirely opened. This may theretore be classed as 
one of the best forms of turbine. 



LeffeVs Double 7Ur6wtf.--This 
wheel, whioh has been largely 
introduced in America, there 
being at the present time, 1874, 
upwards of 6000 in operation, 
possesses several peculiarities of 
construction, and the inventor 
claims for it great advantages 
over every other kind of water- 
wheel. It differs from the double 
turbine already described in 
having its two series of buckets 
situate one over the other, and in 
each set being constructed on a 
separate principle ; the upper set 
being simple radii discharging 
their water centrally, the lower 
set curved and discharging from 
their lower side. The water is 
directed upon both sets at the 
circumference by means of 
movable guides. 

The peculiarities of its con- 
struction will be underslood by 
a reference to the figures. Fig. 
7238 is an elevation of the wheel 
ready for fixing, showing guide- 
rods, guides, and outer casing; 
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Fig. 7239 is a vertioal section 
through the same ; Fig. 7240 
an elevation of wheel removed 
from casing ; Fig. 7241 a plan 
showing direction of buckets, 
and also the guides and guide- 
rods ; and Fig. 7242 a view 
of a cast-iron flume or casing. 
In these figures, a is the outer 
casing to which are fixed the 
guides 6; c are the rods for 
rej^ulatingthe opening of the 
gmdes. These rods are at- 
taobed at the centre to the 
arm d^ whioh at its outer end 
ooubists of a segment of a 
toothed wheel, into which is 
geared the pinion e, from 
which pinion a rod passes 
upwards to any convenient 
position. By these means, 
the guides may be easily 
regulated to any desired 
opening. / denotes the upper 
buckets, naving a horizontal 
discharge, and g the lower 
buckets, from which the dta> 
charge is verticaL Xhespha 




rical iron flume or penstock. Fig. 7^42, is cast in two poftions. and firmly bolted toother bo as to 
be perfectly air ana water tight ; it is furnished with a movable oap or cover A sufficiently large to 
alluw of the wheel being removed bodily if from any cause such an operation should become neoes^ 
sary. In the cap is a hand-hole t, and in the sides, two large man-holes k, by means of which the 
wheel can at any time be examined, and anv dirt or rubbish, which from carelessness or other cause 
has got there, may be removed. At the side is a short pipe having a flange by which it is joined 
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M nppl; pipe or wwden peiutock, and at the bottom li anotliw ihort pipe UmFngh which tba 
if maJEM its enapa •ftar being duahwged tmm ths wheel ; the lower end of tiiu ^pe ihonld ba 
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placed abont 1 in. below the BurfaM of tho stnnding t4i1-wster. To the top of the cover h ii 
flimly bolted a bridge-tree for the support of the nnier end of the water-wheel abaft, to which ia 
attached a clutch ooupling '. The watei-wheel ahnn aod the guide-rod both pus Uiioagh watti^ 
tight atnfflog boiee. 

The advantagea olalnmi for this wheel are, that b; the lue of two sets of buckets, eaob tiavinii; an 
indepeadeat diachnrge, praTiHloD ia made for the mBximnm discharge of water with the miDtmum of 
MetioD, and that therefura the percentage of work will jireatJy eioeed that obtainod from any other 
wheeL It wonid appear, however, that tho principal use of the upper bockcta will be tu provide an 
eaay outlet fbr a lane bod; of water without io aoj way extracting fmm it a due proDoHioa of 
work, liie maken lay great atreaa npon the amonnt of care which is heatowed upon the nana- 
iutnre of tbeae wheela, and the high finish which is given them. These, of coarse, are condltioni 
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which would greatly improve the action 
Leffel wheel is held is due rather to these 
pecaliar arrangement of the buckets. * 
A turbine, on the Herschel-Jonyal 
system, was erected in 1867 for the 
Kranholm-Manufactur-Narva, near St. 
Petersburg. The height of fall in this 
case is 25 ft.; the quantity of water 
passing in one second, 570 cub. ft , and 
the speed fifty reyulutions a minute. 
The efficiency of this turbine is stated 
to be 70 per cent., the effectiTe work 
done being equal to nearly 1200 horse- 
power. The wiieel is 12 ft. 1^ in. in 
diameter, and the buckets are made of 
wrought-iron plate cast into the wheel, 
and surrounded by a wrought-iron ring. 
The buckets of the guide-wheel are also 
of wrought iron, but the enciroling ring 
is of cast iron. The casing of the tur- 
bine is 12 ft. 11 in. in diameter, and it 
consists of five rings, each made in two 
parts, the second ring carrying the bear- 



of any wheel, and it nuiy be that the esteem in which the 
conditions than to any special advantage afforded by the 
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ing for the axis of the turbine, 
whilst the lower ring is sup- 
ported by eight buckets sur- 
rounded by an annular sluice. 
This sluice is counterbalanced, 
and can be raised by suitable 
hnnd-gear ; while a main sluice 
valve is also provided for en- 
'tirely shutting off the water if 
required. Two horizontal tubes 
placed through the casing of the 
turbine act as supports for the 
footstep bearing of the turbine 
shaft, and allow of the lubrica- 
tion of this bearing by an oil 
tube. They are also of such 
size that access to the bearing 
may be had through them. The 
height from the bottom ring to 
the top of the turbine shaft is 




38 ft. ; the latter is of wrought iron and is 1 ft. 3f in. in diameter. The bevel-wheels by which the 
motion is taken off, are 12 ft. in diameter, and each is made in two parts bolted together. The total 
weight of the turbine is 14 tons. The works which this turbine assists in driving comprise a cotton 
mill, with 239,692 spindles, and weaving sheds containing 1647 looms. It was constructed by the 
Maschinenfabrik-Augsburg, of Augsburg, Bavaria. 

TUBN-TABLB. Fb., Plaque toumante; Gbb., Drehacheibe ; Ital., Piattaforma girante ; 8PAK., 
Platitformi, 

See Permanent Way. Bailwat Enginexeino. 

TUYERE. Fb., 7'uyere; Geb., Form; Ital., Foro del vento ; Span., Tobera. 

See Blast Fubnaoe. Ibon. 

UNDERSHOT- WHEEL. Fb,, llmie m dessous ; Geb., Unterschlaehtiges Wasserrad; Ital., HuUa 
a palette di sotto ; Span., Jiuedn de paletaa. 

See Float Wateb-whekl. Htdraulio Machines, Yabieties of. 

UNIVERSAL JOINT. Fb., Joint univertel; Geb., Univeraalgelenk ; Ital., Snodo mUvenale; 
Span., Junta univers^d. 

See Joints. 
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VELOCITT. Fb^ VUe$9e; Qm^ GetchwMigktit ; Ital., VehcUd; Span^ Vdocidad. 

The ayeed with whioh a l»dy is moying is termed its veiuoity. If the body moves uniformly, 
this may evidently be measured by the quotient of the space divided by the time. Thus the 
velocity 30 miles an hour would be represented by 30 if the units be miles and hours. When the 
movement is not uniform, the velocity is measured by the space described in an infinitely gm^^f 

dt 

time, divided by the time. Thus is the measure of velocity. See Augulab Motion. 

dt 

VENTILATION. Pb., A^rage; Qm,, iMftvoechsel ; Ital., Ventilaxumfi! Span., Vmtilackm, 

V^iUikUing and Warming.— As ventilating and warming are kindred subjects, intimately oon-> 
neoted in practice, we have preferred to include them in one article ; but for greater cJearaess and 
simplicity we shall investigate the questions relating to each separately. 

Ventilation consists in the removal of all vitiated air from an apartment and in the replacing of 
it by an equal quantity of pure air. To appreciate fully the necessity of this operation, it is requi- 
site to underst^d the composition of atmospheric air and the causes of its vitiation. 

Atmospheric air, in its normal or pure state, is composed of oxygen and nitrogen in the pro- 
portion of 21 to 79 ; it also contains a few thousandth ports of carbonic acid, a variable quantity of 
vapour of water, and a little carburetted hydrogeo, Scncenbein, of Basle, in 1840, and more recently 
Houzeau, of Bouen, have proved that the atmosphere contains osone also, in the very small pro- 
portion of r ii ^o^ 6 ^^ ^ ^'^^ ^"^ varying according to situation. Thus in large cities it dlBapptan 
aitiigether; while its presence is very appreciable in tlie country, especially on the tope of hills and 
ill the depths of forests. No doubt this is one of the chief causes of the salubrity of country air. 
It has'been remarked that when the wind blows from the south-west, the air contains its maximum 
quantity of ozone, and that at such times the roortaJity is low. Many careful and delicate observa- 
tions have yet to be made to complete our knowledge of this agent; but ent*ugh has been learned 
respecting it to show that it plays an important psit in preventing and arresting the progress of 
fermentation, and consequently in promoting the salubrity of the atmosphere. Agricultural che- 
mistry teaches us that the atmosphere always contains a variable quantity of nitrates and ammonia 
generated by the incessant decomposition of organized bodies. It is by bringing down these sub- 
stances that rain fertilizes fallow ground, and in one manner acts beneticially on vegetation. The 
quantity is largest in the neighlwurhood of large towns, where it is prubably in excess. But as 
they exist everywhere in a greater or less proportion, we must consider these bodies as constituent 
parts of a pure atmosphere. It is only in recent years that the intimate composition of air and 
its actual mfluence upon health have been made subjects of careful investigEition. Formerly it 
was deemed sufficient to consider it merely in relation to its temperature. This was one of the 
greatest errors committed in the matteor of ventilation, and it is too often fidlen into even in the 
present day. 

Such is the atmosphere in its pure state. It is rare, however, that we find it free from polluting 
matters. When a ray of sunlight falls into a darkened room, it reveals to our sight myriads uf 
vegetable and animal molecules whioh, under ordinary conditions, are invisible. These molecules 
are derived from the friction of bodies, the emanations caused by the progress of vegetation in plants, 
the respiration and transpiration of animals, and the combustion of vegetable, animal, and mineral 
substances. The air contains also the products of fermentation and effluvia of various kinds. 
When the air of towns, or even that of the open country, is anidyzed, we find that it holds in sus- 
pension matters derived, not only f^om the soil, from animals and plants, but also from the surface 
of the sea, wLirh matters are canied by the wind to very great distances. These myriads of micro- 
scopic germs play an immensely important part in the organized world. They are the agents of 
corruption, the sinister authors of disease, continually on the watch for an opportunity to insinuate 
themselves into the human organism to deposit their deadly poison. The researches of chemists 
and physicians, especially those of Faraday, have shown almost demonstistively that the worst 
epidemic diseases are due to these causes. Such facts are of themselves sufficient to render abun- 
dantly evident the necessity of providing our dwellinffs, and above all our hospitals, with an ample 
supply of pure air by means of a system of ventilation. But there are other causes of vitiation 
that are also of grave importance. 

It has been ascertained that tiie average quantity of air inhaled by a person sitting still, or moving 
gently about a room, is 600 cub. in. a minute. This air, when expireti, diffisrs in several respects from 
what it was when inspired. Whatever its temperature may have been previous to inspiration, on 
quitting the lungs it has about the same temperature as the blood, that is, about 90° Fahr. Thus 
it is not surprising that several persons together in a room, in which the ventilation is deficient, 
speedily raise the temperature of the atmosphere in it, seeing that each pours into the limited 
atmosphere of the room 600 cub. in. of air at 90^ every minute, irrespective of the heat which is given 
off his body by radiation. Also whatever degree of dryness the air may possess previous to iiispira- 
tion, after expiration it is saturated with vapour of water. Nor are these the only changes that the 
air undergoes during its passage through tne lungs. Another and a very important one is that a 
quantity of its oxygen, equal tu 5 per cent, is absorbed, and its plaoe supplied by an equal quantity 
of carbonic acid. Thus, a man in an air-tight room having the form of a cube of 6 ft. side will, in 
the course of twenty-four hours, have passed every particle of the air in it through his lungs, raised 
the temperature of the air to that of nis own body, neglecting the quantity of heat abstracted by 
the walls, and seriously changed its composition by absorbing oxygen and substituting carbonio 
add. The quantity of water which he will throw upon the atmosphere in the form of vapour will 
varygreatly aooording to the individual and the season. 

The composition of the air is also changed by the combustion of lights, which also deprives the 
air of a portion of its oxygen and disengages caroonic acid ; at the same time the solid prodootB of 
combustion are thrown upon the air. 

The preceding causes of vitiation may be described as internal, since they operate within the 
building to be ventilated. But we have in addition to these, external causes of vitiation, or cauFCs 
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that operate out of doon, and which tniut idways be taken into aoooont !n designing a Bjstem of 
ventilation, a neoesaity that is too frequentlr forgotten. The chief of these causes are the gaseous 
and solid prodncts of oombnstion discharged from the chimneys of dwelling-houses and factories ; 
the decomposition of animal matter ; the aeoomposition and fermentation of vegetable matter in the 
fields and in the markets, streets, and back yards of towns ; the gases and miasmata, due to the 
same source, which are discharged from sewers, and, of course, the internal causes which we have 
already described, and which are carried out into the external atmosphere. Against all these 
vitiating causes, nature has provided an efficient remedy in the absorption of the polluting matters 
by the vegetables, the health of which they tend to promote. Gonsequentlv, in the open country, 
unless the source of pollution be situate very near the dwelling, the external vitiation of the atmo- 
sphere may be safely neglected. But in towns, and especially in large towns, where these causes 
are multiplied and intensified, and where the absence of vegetation lessens the remedial infiuenoes 
provided in nature, it becomes a matter of serious importance, and one that must be carefully con- 
sidered when estimating the quantity of air requisite for ventilatlve purposes. Hitherto this subject 
has been strangely neglected ; in no work treating on ventilation that we are acquainted with, is it 
even mentioned. A certain number of oubio feet a minute for each person has been considered 
necessary both by writers and government comnussioners, quit«k irrespective of locality. That sueh 
an opinion is altogether erroneous, the £scts described above sufficiently show. 

The causes of a vitiated atmosphere are so numerous, and many of them are so potent, that 
the necessity of a constant renewal of the air of an apartment is one of primary importance to 
health. This is eepeciall^r the esse in public buildm^ where large masses of persons con- 
gregate, and io hospitals, in which the causes of vitiation are enormously intensified. But we 
need not enlarge upon a necessity the gravity of which is so obvions^ and which is now geneiully 
recognized. 

The modes of renewing the air of an apartment are few and simple. Heated air, ss is well 
known, hss a tendency to ascend. Advantage is taken of this fact to allow the heated and vitiated 
air to escape, its place being supplied by the denser external air. This may be described as the 
natural mode of ventilation, ana is in general the most effective. Another mode is to exhaust the 
air from the apartment by means of a fan. This hss been successfully applied to certain classes of 
public buildings ; but it is not generally suitable. Simple as these means are, however, the appli- 
eation of them presents greet, and in some cases insurmountable, difficulties. If it were merely a 
question of extracting the vitiated air and supplying its place with pure air, few things could be 
more easily effected. But the operation has to be performed without occasioning a perceptible 
draught, as the latter is as much to be dreaded as the foul air, and herein lies the problem. This 
problem evidently admits of only one solution, namely, by admitting the air through a passage 
having a widely-extended area, and situate at a considerable distance fitim the persons in the 
room. The best way of effecting this is to admit the cold air through a number of minute holes 
spread over a large space in or near the celling. A channel, for example, in communication with 
the outer air, U provided behind the cornice, and the air is allowed to enter the room through 
holes, or through long narrow openings covered with perforated zinc. When these conditions are 
properly complied with, the air can l« admitted with a low velocity, and at such a distance above 
the persons in the room that no draught is felt. But in the fulfilment of these conditions, many 
difficulties, architectural and others, are met with. The former may be overcome; the latter are in 
many cases insurmountable. What these difficulties are we shall see when describing the various 
systems of ventilation. Two things may be mentioned here as militating seriously against every 
system, namely, the imperfection of structures, which allows the cold air to enter through the doors, 
windows, and crevices, thereby causing unpleasant draughts, and the necessary opening and shut- 
ting of doors, whereby the temperature of the room is suddenly lowered, and the direction of the 
currents changed. To remedy the latter evil, it has been proposed to construct double doors, similar 
to those used for the same purpose in mines; but thongn the plan fully answers the purpose 
intended, it has been found to be impracticable. 

With respect to the position of the inlet and outlet apertures, there has been much controversy. 
Until recently it has been taken as a matter of course, that beca^ise heated air has a tendency 
to ascend, the aperture for its escape should be near the ceiling, and that the admibslon of the 
oold air snould. on the contrary, be near the fioor. This principle has been generally adopted 
in practice, witn the disagreeable consequence of a cold draught along the floor. This notion 
respecting the ventilating currents is evidently due to a misconception concerning the motion of the 
heated air. The latter mis of itself no tendency to ascend ; but it rises because, having increased 
in volume under the expanding influence of heat, it is pushed up by the denser surrounding air. 
Now it is obvious that the denser fluid will exert the same force upon the less dense wherever its 
inlet aperture may be situate. Ck>nsequently, a better position for this aperture is near the ceiling, 
because, when so situate, the incoming air gets diffused in the atmosphere of the room before 
reaching the persons in it. It is also equally obvious, that the heated air will be forced as freely 
out at the bottom of the room as at the top, if we onlv provide that it shall escape into the 
atmosphere at a height not below that at which the cold air enters. Such a situation is therefore 
the best for the aperture of discharge; because when so placed, the air near the floor, which 
is alws]^ more or less cooled by currents entering beneath the doors, is kept at an agreeable 
temperature. Besides this, the heavy matters, such as carbonic acid gas, and the solid molecules 
floating in the atmosphere, are more readily and effectually swept away. This principle of 
ventilation, which rests upon indisputable fiscts, is being gradually substituted for the old and 
erroneous one still in verv common use. ^ 

The quantity of air that sbould be passed through a room in a given time in oraer to keep the 
atmosphere in it in a proper state of puritv is a question of primary importance. Authorities are 
not agreed on this matter. Thus Peclet, calculating from the quantity of carbonic acid produced, 
says 5 cub. ft. a minute of fresh air should be idlowed for each person. Eeid, calculating 
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from the quantity of frieBh air required to carry off all the contaminationB resulting from 
human life, says 10 ouh. ft. The government oomniissioners say from 10 to 20 ; Morin, 15 to 20, 
and Amutt and Roscoe, 20. The quantity of air actually inhaled by a person when sitting still, or 
moving gently about a room, is about half a cubic foot a minute. The miasmata or effluvia derived 
from the various secretions oi the body, which, as we have already said, constitute the most potent 
and dangerous cause of vitiation in the atmosphere, will reauire, sav 1 cub. ft. a minute, for we can 
estimate this vitiating cause onlv approximatively. This allowB a nlm or covering of air | in. thick 
over his whole body, which mm is changed every minute. But when undergoing moderate 
physical exertion, or when heated by crowding in a public room, the quantity of air breathed is 
nearly 1 cub. ft. a minute ; and as the poisunous emanations from the body are increased in a like 
degree, we may assume that 8 cub. ft. a minute is the minimum quantity of ^csh air requisite for 
each person. This minimum quantity is, however, calculated on the assumption that at the 
expiration of the minute the air fouled during that time is instantly and completely removed from 
the room. Buch is far from being the case, and to take this fact into account, we must double the 
quantity previously found. Moreover, it will be necessary to provide a sufficient margin to allow for 
interruption of the ventilation and unforeseen contingencies. The factor of safety to give tliis , 
margin should not be less than 2. This gives us as the requisite quantity of fresh air for eadi person 
12 cub. ft. a minute. We Lave already explained that the atmosphere of towns is less pure than 
that of the open country ; this fact must be taken into account when estimating the requisite 
quantity of air, for when the fresh air is itself vitiated, a larger quantity must be passed through 
the room. Therefore, in calculating the ventilation, 12 cub. ft. a minute for each person eJiould be 
allowed in the open country. 15 cub. ft. in small towns, and 18 cub. ft. in large towns. 

A candle or small lamp heats the air and fouls it with the products of combustion to a degree 
requiring 1 cub. ft. a minute, and an ordinary full-size gas-burner eight times as much. Acoorfing 
to the Blue Book, an ordinary open fire-place requires about 1000 cub. ft. of fresh air a minute. All 
of these causes of vitiation must be duly allowed for in calculating an adequate ventilation. To 
illustrate the application of these principles, suppose we have to ventilate a private room, sav a 
dining-room, calculated to accommodate fifteen persons, and having four gaslights and one fire. 
The quantity of air necessary to keep the atmosphere of this room in the requisite state of purify, 
will be for the country (12 x 15) + (8 x 4) -h 1000 = 1212 cub. ft. a minute ; for the small town 
(15 X 15) -K8 X 4) -f. 1000 = 1257; and for the large town (18 x 15) + (8 x 4) -f- 1000 = 1802 
cub. ft. a minute. As the fresh air entering should nevi^r have a velocity greater than 8 ft. a second, 
the total area of the orifices through which it is admitted will in this case be 6*75, 7, and 7*25 
aq. ft. respectively. The velocity of the air in the channels leading to these orifices may, of 
course, be much greater than 8 ft. a second ; but it should be kept down to the lowest possible 
limit If these dimensions be given to the inlet apertures, very little cold air will force itself in 
through the doors and windows ; and if the apertures be situate near the ceiling and widely dis- 
tributed, no draught will be felt in any part of the room. 

No system of ventilation can be considered perfect that allows the fresh air to enter at the same 
temperature as that of the external air, and experience has shown that no such system can be suc- 
ceaOTil even in effecting an adequate ventilation by reason of the opposition it meets with. In our 
climate the outside air is too cold during seven months of the year tu admit of its being introduced 
directly into our apartments. The dangers of the cold current are as great as those of imperfect 
ventilation ; for while the latter brings fevers, cholera, and diseases of a similar character, the 
former brings colds, rheumatism, bronchitis, and consumption. For this reason, as well as from the 
discomfort which cold draughts occasion, it has been found that when the incoming air is not pro- 
viously warmed, the apertures are speedily closed up, the occupants of the apartment preferring 
stuffiness to cold. This condition of warming the air previous to admission greatly oompUoutes the 
problem of ventilation, but it must be considered as essential to any system. 

One effect of heat upon air is to raise its point of taturation. One cubic foot of air, say at 32^, 
Is capable of containing a certain quantity of moisture, and no more. But if we raise its tem- 
perature to 80°, which is near that of the human body, it is capable of containing five timis 
as much, and consequently it absorbs moisture from everything that contains any. This heating 
of the air does not d^ it in t)ie sense of extracting moisture from it ; it only increases its capacity 
of containing water, thereby rendering it more absorbent or thirsty. Air suddenly heated is thus 
rendered unwholesomely drv, and this is an important point in reprd to the subject of warming, 
requiring oare^l consideration. Whenever the fresh air is warmed before being admitted into a 
room, an evaporating pan, or some other means, must be provided to supply the air with the neces- 
sary degree of mois&re. 

We shall now consider the various modes of applying the foregoing principles to the ventilation 
of different olaBBOs of buildings. 

The atmosphere of a room may be renewed by one of three means, or by a combination of any 
two of them ; fire suction, that is, by placing the room in communication with a flue, at the bottom 
of which a fire is kept constantly burning ; medianical suotion, which is produced by means of «a 
fan placed at the outlet ; and propulsion, which is effected by means of a fan or pump placed in 
ooromunteation with the inlet. Each of these means possesses advantages that render it suitable 
according to the character of the building and the object sought 

The advantages of fire suction are, that it is the most simple and natural mode of ventilation ; 
it does not require, as the other systems do, the attention of special attendants ; it extracts the 
vitiated air directly &om the point where it is produced ; and it u the most economical, since in no 
case can the cost exceed that of the fuel consumed, and in most caees this can be reduced to a very 
small quantity by utilizing the heat of the ordinary fires. On the other hand, it has been urged 
^painst this mode of ventilation, that it interferes with the draught of the chimneys, draws into the 
room the smells from the kitchen and other offices, mingles the emanations of the patients in hos- 
pitals, and necessitates fluea of large dimensions. Most of these diaadvantagee, however, are due 
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rather to a defective amingement than to the lutiire of the Bprtem ItteU^ and mig^t be obviiiled bj 

greatiT attentioa to detaiU. 

For Iho tuoda of TQotitatinn by iajection, it is claimed th»t the quality aod qnantity of the air 
admitted laSy be bptter regulnted, ttial it may be directed to the Spot required, that tlie risk of flre 
i« leBsened, mid that tLje uout of tall up-cast aliafta is eared. Eiidently the advastagee of both modes 
are ooDsidernble, and neither ciin be condemned as absolateiy inferiur to the other. Fire auction ia 
fitr more generally applicable tlian anj mechanical contrirance : bnt the latter nutj, in some cases, 
be fur moru effective. Circumatancea will alnaya determine the choice. 

The Ventilalicin of ffoipiiali, — Tbe ventilation of hoapitalB is aubjeet to coDditiona eaaentiallj 
different from those wliicli liave to be complied with in other public buildings. Here tiie cauaea of 
vitiation are more nnnieroua and mui'h more aerioua. The virulent effluvia riae to ever; part of the 
ward. inaiDUBle thonuielFea into evirj crevice of the ceiling or floor, and liaue about the curtaina 
Bod bedding. Tliua it ia neceaaHiy, not only that the ventUative current ahould be abundant and 
reach every portion of the npartment, bat that it aball not carrj tbe emanationa from ono patient to 
the next : in other worda, the ventilatiiHi mmit be ao curried out thut each patient aliall be aoed from 
bia own emanations and protected from tboao of hia ueigbbour. 

One method of fulfilliog theae conditions, which has been ver; auoceaafullj employed in the 
United States, ia shovrn io Fig. 7243. In thia mctbnd the freah air is admitted to the patient 
thiongb a long narrow ajertnre covered with a perforated plate, situate a little above hia head, and 





taken out beneath the bed throngh an apertare in oommanicalion with a anction-Sne. Thia ia one 
of the casea in which inaufflation may be ndvautageously onmbineil with suction. Fig. 7244 is 
another American example of hnapital ventilation, vcr; aimilar in general arrangemeut to tliat 
carried out in many European inatitutions. Tbe freah air, after being lieat«d by a atovo, flnt 
ascends to the ceiliog, and ia tlien drawn dnwn to apertures near the floor by amoke-flnea under the 
roof. Tile wards, in this ease, are of one story i^nly. 

In tbe desienine of a new building, care should be taken to provide for a thorough ayatcm 
of ventilation, the wbolesoDienaBS of the structure being of more importance than its artiatic appear- 
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«noe. Iq tbe eiue oT « hoapltel, abovB all others, the laws of betdth thoatd bike precedence of Oie 
laws of beeat;. If this necaaiiity be hame in mind bj the anhiteet, there ia nol mooh difHouIty in 
adopting tlie moot suitable aod efficient Bjstetn. But in the oaae of old bnildioga the difflcaltj is 
mueli gre«ter, and it often bceomea necesBarj to modifj a Bjatem in order to adapt it to the oircom- 
BtaDces io vhioh we find ouraelrea placed. 

An arraugctQeiit geDerallj' applWble. with slight modifications, to existing buildings, ia shown 
in the accompanying flgmes. t ig. 72*5 is a croas-»ection of the building ; Fig. 72*6 a plan of tbe 
basement, and Fig. 7247 a plan of a fioor. A beating apparatus A is plued in the basement in the 
of the btiildiog: frosli air is supplied to Ibo apparatus through gratings at B, a hollow 
!. Fig. 7248, being provided to prevent waote of hcaL The air enters this cover at the bottom, 
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anglet convey the heated ait to the oomers D, where the circulation is nsually very languid ; it is 
. Ihrn drawn to the middle of the apartment towards tlie smoke-flue B, where it u sucked down- 
wards, so as to equalize the temperature. Fig. 7219 sliows the stove placed in the middle of the 
aputment to draw away the vitmtad air. The stove on the second floor, aa veil as its ventilating 
pipe, will necessarily be divided to keep the vitiated air of the two floors semrate. Both the smoke 
Mid air flnea are brought ont at tlie top of the roof in the manner shown in Fig. 7250 ; thi£ eitemal 
portion may be either of galvanized iron, or if mora ornament be desired, t«rra-«otta. 




These orrangemonts are deaignod for warming and vontilaliDg in winter. To render them peifi ot, 
there should be for the ventilatinn in summer two ventilating fire-places at the points Fon each 
floor. Small trap openings sliou)d also l>e provided in the oeiling, capable of being opened and 
closed by a cord, und conuouniisling with a fluo, (ermiuatiiig above the roof, with a cowl to protect 
it from the rain and wind. Fig. 725 1 ihows the arrangement of otio of such traps; a door or man- 
hole A is provided to give aocess to the trap. The anglis of the coiling and walls sbonld be 
rounde<l st B to prevent the accumulation of effluvia in tho«e parts which are nut swept by the 
ventilating current A gas jet should be kept burning in thi' air-Aae to promote tbe circulation. A 
common mode oF admitting the air, adopted in some of the London hospitals, is ahown in Figs. 7252, 
7253. It consists of a kind of skirting, applied to the lower angles ot the ronm. tho air being 
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introduced behind the skirting, directly from the outside, and allowed to enter the room in i\w 
manner represented in the figures. 

A modification of the plan of ventilating a ho^ital described above haa been proposed by 
M. Joly, to whose excellent work we owe some of the illustrations given in this article. Tlie 
arrange ment is shown in Figs. 7254, 7255, in which the building is separated into two portions 
to isolate the sexes. Here the same system 
of warming and ventilating mny be em- 
ployed, whatever the number of separate 
wards may be. The heating apparatus is 
situate as before in a central part of the 
basement, and air-ducts convey the warm 
air to eiich apartment The ducts are pro- 
vided with regulators to cut off the current 
or to lessen it when the apartment is un- 
occupied. The air, is admitted near the 
outer wall, and is allowed to escape through 
the bottom of the door, which is perforated 
for that purpose, the suction being effected 
in preoisfly the same way as already de- 
scrioed. To this principal building will be 
joined the usual dependencies, as doctors' 
and nurses' room, bath-room and kitchen, 
the smoke-flues of which will be utilized to 
draw away downwaida the effluvia from the 
water-closets. 

Three examples of London hospitals may 
be taken as illustrations of the most recent 
modes of ventilating these institutions, — 
the new infirmary of the Wandsworth and 
Clapham Union, Guy's Hospital, and 8t. 
Thomas's Hospital. The ventilation of the 
new infirmary is wholly natural, that is, no 
special fires nor mechanical means are em- 
ployed. The ward which we shall take as 
an example of the whole is 123 ft. long, 
by 24-5 ft. broad, by 12 ft. high. Two 
upright chimney breasts, each having two 
open fire-places, one on each side in the 
length of the ward, stand out in the centre 
of the room, equidistant from the ends. A 
flue, in communication with the outer air, 
runs along beneath tlie floor and into a 
chamber at the back of the stove. The air 
thus introduced is admitted warm into the 
wards through the front and upper part of 
the stove. Immediately above these open- 
ings are others exactly similar, which also 
communicate with the air outside, but in a 
totally different direction. The smoke- 
flues are constructed on the principle of p~ 
having at each angle of the circular flue a L 
smaU air-flue, whidi in this case runs up to 
a chamber specially built in the roof, and 
enclosed on all sides by gratings of terra- 
cotta. By this means a constant down- 
draught of fresh air is obtained into the 
ward. In each pier between the windows 
is a Sheringham ventilator, oommunicatin^ 
directly witn the outer air, and regulated 
bv lines, under the control of the nurses. 
To get rid of the heavy gasea which are generated in disease, and which, if undisturbed, aooumu- 
late under the bed, an ordinary ventilator, opening directly into the outer air, is fixed under the 
head of each bed. By opening this for a few minutes at a time, the gases are auickly dispersed 
and carried off through the ordinary outlets for the foul air. In addition to all this, there are 
flues in the external walls running up to the roof and opening into the wards by self-actine valvea 
These fines are calculated at 1 in. of area for every 50 cub. ft of air contained in the ward. Thief 
lead up into the open space within the roof, which is furnished with louvres at the ridge, through 
which the foul air finally escapes. This has been described as one of the most perfect of modem 
B^^stems of ventilation. How far it is in accordance with the principles we laid down at the begin- 
ning of this article, our readers must be left to judge. We cannot refrain, however, from censuring 
the highly pernicious plan of allowing deadly gases to accumulate under the beds and then dis* 
persing them among the patients bv a set of ventilators specially provided for that purpose. 

At Guy's Hospital the system adopted is more rational. Two lofty down-cast shafts, one on each 
side of the principal entrance, communicate with a chamber in the blasement An up-cast shaft for 
the discharge of the vitiated air and the smoke is placed near the centre of the bimding and at a 
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conridciuble diaUncs from the down-casts. The height of thta up-cut Is aim cooBiderabljr gnatei 
...... ., ^. , . , j.___„_ J :_.. ,L .. -' -■« it is hestee 



th«n tliBt of the others. The fresh air psBsea directly down ii_ _ .. — . 

b; meana of hot-water pipes. It then ascends tliraugh numeToos flaes in the brick piers in tlie 
oontre of tho words. To wlmit it into the wards, the box girders that carry the floonrare made use 
of, and tbeaunemeftus ^reemployed to curry offllie vitLited air. The moilu of effecting this will be 
b«>it aeea by a reference to Figs. 72.')ti, 7257. The upper flue is imbedded in the concrete of the 
flo.ir, and admits the fresh air tlmugh gntiii^; the lower flue is below the ceiling of the ward, and 
Kcoivea through a number of eiroular openings the ritiuted nir of the ward below, which air u 
carried by a scries of independent flues into a foul-air cbumber, situate beneath the roof, from whence 
it is conveyed to the great up-casL In a portion of the building erected a few years ago, tbo air ij 
admitted at the ceiling and carried off through gratings dgoi the floor at the head of OMh bed. Id 
this respect tlie old is the better arrangement. 



At St. Thomas's Hospital, which is (ho largest and the most recently ereclad of the London 
hospitalB, the system of ventihitinu carried ont partakes of the character of both the preceding. 
. Talcing a single ward as an example of the whole, we flnd three fire-places in tbe centre ^ing tho 
end of tbe ward. An iron eitraition-flue encloses the smoke-flue of each tlre-plnce, the heat of the 
latter being thus rendered availahle in pn'ducin^ the suction. Tbe vitiated air is talten into this 
np-cast flue through a grating iit tbe level of the ceiling. As in the Wandewortb Inflrmory, the 
trash air is led in through a flue within tlio levels of the floor, wliirh flue is in onmmunication at 
ouetnd with tlie external air. and at tlie other with n iiot-air chamber belli iid tbe Arc; in this way, 
it U warmed before being admitted into the ward. The building is divided into blocks, each floor 
ot which constitutes a ward, with its neoeaury dependencies of lavatories, nurses' roiims, and 
kitchens. Each block is provided with its own set of hot-water apparatus, tbe furnace for which is 
situate in tlie basement story. The fltie from this is carried up to the turret level in an-iran tube 
forming the centre of annp-caet flue to the block. In addition to the open flres, there ore on each 
floor two large colls nf hot-water pipe, and to e-icb coil fresh air is auppliod by a separate air-duct 
ninnitig within the levels of tbe floor and communicating with the external air. At the ceiling 
and flnnr level there are gratings communicating with flues leading to tbe central up-OHst connected 
witli the tmoke-Hue of tbe hot-water apparatus in the basement. Thus we havo ad tho inaLns of 
introducing the fresh air to each naril, tho flues communicating with the air-clian:ih<.-r8 behind the 
three stoves; and the Sues communicating with tbe two hot-water ouils. And as the means of 
eitractint; tin' vitiated air, we Inive tho three up-casts surrounding the flnea of the open flre-plaoea 
and leading up to a chamber in tlie roof - and those oonnected with the larger n[)-cast enclosing the 
nnoke-tlue of the bot-wator apparatus. 

In the last two examples, tbe conditions of a good ventilation appear on the whole to be satis- 
factorily fulfilled. No doubt some of tbe details would admit of improvement, especially witl 
regard to the precautions necessary to be taken to prevent tlie mim-iin" -f ii.- <.n..n.i.r.n. « 
different patients. But generally the nrrangemonts are sucb > 
maintaining the wbolesomencss of tbe building. 

The Vi-n'Hiitum of Sc/iaUs.—'S Bii to tbe ventilation of hospitals, that of schoija donianiis the 
moat careful attention. Here we have con^cgatod together a large number of children in various 
states of health, and often in varions conditions of cleanliness. Tbe numerous and sudden ailments 
that children ore liable to, and the heated state in which they nanally arrive, render it doubly 
neccswiTy that the ventilation of the schoolroom should be at all timoa ample and brisk, but free 
tr-m cold draughts. The delicnte organization of young children exposes them to great danger 
fri'iu tbe infei tioiis of vitiated nir, siid one means of lessening the difficulties of hoapital ventilation 
is to diminiah the number of patients by improving the ventilation of dwellings and acbools. The 
most approved syatemt now in use are fairly illuattatod by the following oinmplcs. 

In the first oiumple, which represents a system widely adopted on the Continent, we aball take 
one room as a B|iecinien of tho whole. The ■ysteni, as Hlmwn in Figa. 725S, T2S9, onnsists essen- 
tially of a heating apparatus, situate in the basement, when there is one, and in an adjoining room 
when there is no basement story; an air-chamber undir the roof, and several extraetinn-flnea 
bene itb tbe floor leadin); to the »moke-fiue of tbe beating n)i]mratus. 1'ho fresh air, whioli is intro- 
dticcd at a point situate as far as possible from the top of t)ie up-casl, paraca round the stove, 
nsrends vertically through a duct to tbe air-chnmbcr in the roof, and is admitti'd to the room 
throngh tlie ceiling. To modify tbe temperature of the incoming air, a small quantity of cold air 
may be admitted to the air-chamber through an opening whirh in summer serves •• tho aperttire 
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for the supply of fresh air, and which for this reason should be situate on the north side of the 
building and protected from the sun ; at the same time it should be readily aooessible. If the 
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apertures for the admission of the air through the 
ceiling be sufficiently numerous and widely distri- 
buted, no draught will be felt. A small supplementary 
furnace in connection with the up-cast should be pro- 
vided to assist tlie smoke-flue when a more powerful 
suction is rendered necessary. With a little care and 
attention on the part of the person in charge, this 
system works yery satisfactorily. It is also a very 
economical one, a circumstance that has led to its 
adoption, with some modifications of detail, in many 
schools in the rural districts of the United States. 
The accompanying Figs. 7260 to 7262 represent 



7958. 





i«^K«MmW 



ii^oias^osa^t;!{^^tgti{«S5SJgss 



7262. 

the public school in the Rue des Petits Hotels, Paris, and the system of ventilation therein adopted, 
as described by Morin. The building contains an elementary school, A A, for 400 children, and a 
drawing school, B, for 270 pupils. The ventilation is at the rate of 350 cub. ft. an hour to each 
pupil, and the warming is effected by two heating stoves 0, C. with vertical tubes. The warmed 
air is supplied to each story by three vertical channels D, which discharge into a long wide passage E, 
extending tlie whole lengtii of the rooms ; and into this passage external cold air can be admitted to 
regulate the temperature. The supply of air flows into Uie rooms horizontally near the ceilings, 
as shown by the arrows. 

Tlie rooms of the drawing school B are open at night, and ofier special difficulties in ventilation, 
from the large number of gns-burners in use. The plan of abstracting the vitiated air close to the 
floor cannot be exclusively applied in this case, as it would cause the discomfort of pouring down 
air of 85^ to 95^ temperature upon tlie heads of the occupants. It is necessary, therefore, to allow 
the heated gases from the combustion of the lights to escape through the openings F in the ceiling, 
but at the same time, fresh air is made to enter at the sides near the oeiling. In such cases, when 
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the RXm hfli no atdoa aboTO it through which (he ontlct openings ia the ceilings am dischuge, 
■peoial flues are required to be m&do for thii purpose, and these aliould be situate, bb fat u possible, 
trom tbo points where the admisaion of fiesh air lakes place. Ity means of this plan of rentilatioa 
the temperature of the rooms has been maintainoJ till lOo'clook at night at 71°, at a height of 5 ft. 
above Uia ficiot, and at on aTemge of 75° near the ceiling. But before this plan was adapted, these 
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OG, Fig. 72UI. and Ibej alinuld be as numeiona as poislble. Their total cffictire area should b 
■ueh as to limit the velucit; of the air paaaing through thtm to 2*3 ft. a Berond. Tliey oommuni. 
oato with descending passages H, conrerging Itelow into a main disehaTge passage K, leading toihe 
bottom of the discharging shalt J. The ctiimnej- pipes I, from thu hot-air stove C, are made lo pass 
up this abaft for the purpose of assisting the draught ; bat a smAll flro L at the bottom of (he shaft 
is also requi^te. 

Figs. 7263, 72M, repiesent a plan and sectional elevation of a block of school bnitdinga, and ' 
show a system oF ventilaliim, dae to Lewis W. Leeds, of New York, to which the ptemium was 
•warded at the Vienna Exhibition, heedi' system is an attempt to imitate, and wlieru possible to 
ntilae. the means employed io nature to promote a circnlation of tiie air. He observes that the eun, 
by heating the solid objects upon which bis rays fall, causes a gentle and regular circulation of air 
; the snrraoe of the ground. Beasoning from this tact, he oonclndea, that in a sjsttia of arti- 
ventilation the immediate object should be to worm Uie solid substances in a room, the olti- 
□bjeot of warming the air beiag then attained in a natural manner by allowing the inooming 



current to pan over theM snbatances. To rarry this conolusion into effect, he proposee to heal the 
floor and walls of a room, the requisite temperature being that which the summer son shining on 
them would prodace. that is. from 85° to 90* for the floor, and from llO-" lo 115° for the walls. To 
oomtnonlcato and secure the neoeesary heat to the floor, I<eeds carries ofl" his vitiated air through 
nniDeroas horizontal ducts running through it. and places at intervals in one of these dnota a iiteam- 
plpe, the tops of the joiats being well oroi-furrod. To heat the walls, he construct* a wainsooting 
ofiron, slate, or plaster npon iron laths, and places steom-pipca behind it in the mnnner shown in 
Fig. 7265. in addition to this, a steam radiator is placed under each window to correct the exoeea ot 
oold at that point Freeh air is adinitled through the sill of eeoh window and deflected upwards by 
the form of the opening. The nir thus introduced mingles with the warm air aecending from the 
ladbtor, a* ahown in the dntwiogs, which are exact repiodnetiau), reduced, of the diagrams exhibited 
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at Vienna in 1878, ThoiM«MiaOTidedfOTi«iM¥lng the Titiat«i«ii mb twolwra op-owt (h^fta, 
ceatnlly plaMd, h ahomi in the pUn. Tba motioD d theea Btufb) ia produced b; ourjing Dm 



a]K>ke>pIpe of the beating appanitiu up thnra^h tham, and, whan aeaBO' iMi. 
■aiy. by a coil of ateam-pipcB or a atoTe placed m them for that purpose. 

Tile advantagea claimed for this lystem of sohoolhouse ventilatioD are, 
a coDataot and uniform circnlntion ia every part of the room, avoidance of 
draughtaof ooldair, a oonatant temperature ttiat is praotically independent 
of tho Dpeaing and abutting of doon, and freedom &om overdrjing a por- 
tion of the air. No doubt these advantages am obtained ; but the system 
does not appear to be applicable to existing buildincs. nor (o be econiimiral 
In practioe in any case. We ought to observe that Leeds propoee* to utilise 
as mnoh aa possible the heat of the sun by placing his buUding ea m to 
obtain the maximum amount of sunshine in the rooms. 

Tht Fentilai:on of T/imtrea iml Fvblic ftomu.— Tho ventUation of a 
theatre is one of the most difficult problems tliat the mnji of *cience is 
oolleit upon to solve, A thcatro cunsiats nut of a single apartment penna- 
nently (.'dcIossiJ, like other assembly rooms, or of seveml Hportmeota per- 
manently separated, as in hospitals, schonl, and other buildings, but of 
three large, open, and contigiioos parts, tlie anditorium, the etnge, and 
the corridors, all of which may nl one moment be separated one from the 
other, and the next moment plnoed in communication one nith the other 
by spacious openings. To this first difficulty most be added the influence 
ofthe guliglits, especially those near the roof, the position of the audienae 
placed in rows one above the other, and not horizontally as in other places, 
and the oontinoal chsngea tliat are tailing place on the ntage and among 
the ttudieno <. Theaa difficulties hnvc Uma occupied the attention of 

architects, and many plans have been proposed, some of which have given fairly satisfactory results ; 
but a plan that shiill give complete satisfaotion bns yet to bo discovered. A deacriptiou of the 
numerous attempts that huve been made in this direction would extend beyond the limits of an 
article like the present ; we shall therefore eonSne ourselves to one or two examples of the most 
recent practice. 
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In 1860 a French writer, M. Trflat, in a work entitled Le Th^tre et I'Aichitecte, proposed a 
system of ventilation which was a fuw yean later more fully wrought out by Dr. Bonnafora, of the 
Acaiicmy of Sdoiioe. Subaequently, in 1869, this system was adopted at the New Yaudeyille 
Theatre in Puii. The lighting is by a large chandelier recessed into the ceiling, by which arrange- 
ment the space below is kept free from the products of combustion, while the heat of the gas is 
utilized to draw away the vitiated air. Figs. 7266, 7267, show the drcolation of the air in the 
ventilatiog flues. A is the ftimaoe 
placed beneath the floor of the build- *^'* 

ing ; B the cold fresh-air ducts ; G the 
wturmed fresh -air ducts discharging 
through the cornices of the stage at the 
springing of the ceiling, and at the floor 
of the boxes ; D the ducts for the 
vitiated air which is drawn down be- 
hind tlie boxes and along by the floor 
of the orchestra, and then made to 
ascend above the ceiling by means of 
the suction of the chandelier £, to be 
discharged at F. In summer, tiie fresh 

air is introduced near thu top, and admitted through a frieze running 
all round the ceiling. We have in this system an «zact copy of the 
circuhition in the liuman body ; A may be regarded as the stomach 
in whicii the combustion takes place; C the arterial blood; Dthe 
venous blood ; E the heart or motive force, and F the skin, through 
\h-hich tlie vitiated products are ellminateid by means of expiration 
and perspiration. The system is in exact accordance with the teach- 
ings of science, and the experience plained at the Yaudeville showed that with proper attention it 
would be ouite adequate to the requirements of a theatre. In this case, however, it has been in part 
abandoned, partly because the necessary supervision was not provided to prevent draughts in some 
portions of the building, and partly, and probably chiefly, because complaints were made that the 
position of the chandelier was not favourable to the. display of the toilettes of the fair portion of the 
audience. 

M. Joly, whose authority in matters of ventilation is universally aoknowledoed, gives it as 
his opinion that the problem of adequately ventilating a theatre without causing aisf^rreeable and 
dangerous draughts, though intricate and difficult, is not insoluble ; and he propoees means for 
accomplishing thiB desirable object, which we will lay before our readers. According to this 
authority, the difficulties are due mainly to two causes, the powerful suction occasioned bv the 
chandelier, and the communications existing between the corridors and the interior of the building. 
Hitherto this interior alune has been considered. This is an error that must be avoided. A theatre 
consists essentially of two concentric envelepes which, for the engineer charged with the ventilation, 
should constitute but one haH. It may be necessary to point out here some of the defects at present 
existing. 

Most persons must have remarked in every theatre a strong up-draught ascending from the stage 
in the form of a cone, having its apex in the chimney of the chandelier. A material proof of this 
may be liad in pieces containing a banquet scene, as in the Black Dumino and Lucretia Borgia, 
for example. The flame of the candles is seen to be violently agitated and inclined to the orchestra 
at an angle of 45*^. We may conclude a priori that this draught, occasioned by a powerful heating 
apparatus placed at the base of a chimney, produces two effects, which must be counteracted at any 
cost. It carries the sound waves up to the ceiling, so that the actor's voice can be hardly heard in 
the front stalls ; it occasions a difference of from 10^ to 15^ between the floor and the ceiling, and 
consequently a very disagreeable draught every time a door is opened, especially at the bottom, 
whatev4'r the temperature of the incoming air may be. It may also oe remarked that the ventilation 
caused by the chandelier is of little value ; it carries off effectually the products of the combustion 
of the gas but its action is hardly felt by the occupants of the boxes, which are open on one side 
only. Thus, though it produces a brisk current in the middle, that is, the unoccupied ^ace of the 
theatre, it hardly operates at all upon those portions wiiere the vitiation of the atmosphere is going 
on. Among the other defects of existing arrangements, may be mentioned a too high and irr^^ar 
temperature, a vitiated atmosphere, contracted and inconvenient outlets, exposing the audience to 
great danger in case of Are, disagreeable and dangerous draughts through the boxes when the doors 
are opened, and an atmosphere in the gre«^n-room poisoned by the gas. 

Tne problem of ventilating a theatre consists essentially in maintaining at all times a tempera- 
ture of about 70^ in every part of the building ; in furnishing for each person and each gas-burner 
the re<}uisite quantity of fresh air, after having warmed it in winter ana cooled it in summer^ and 
in avoiding diau^hto, which are always disagreeable and dangerous, especially to the feminine 
portion of the audience. 

To ensure these results, the warm air must, in winter, before the doors are opened, be sent along 
the floor at once into the portion set apart for the audience, the corridors, and upon the stage. 
When the public have enterod, and not till then, the ventila^tion will be directed in the manner to be 
afterwards described ; but only through the auditorium and the green-room, the stage, the corridors, 
and the staircases need only to be wanned. In summer, ventilation is still more necessary than in 
winter, and the problem has to be Eolved, without complicating the floors of the lobbies and boxes 
with interminable ducts, by means which shall improve the acoustic properties of the theatre by 
diminishing the draught to the chandelier, equalize the temperature from the top to the bottom of 
the auditorium, and moderate the draughts through the doors. According to 11. Joly, the only 
rational plan of admitting f^h air is tlux)ugh the ceiling, and to this use the cornice lends itselif 
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yerj effectively, since it is situate far above the heads of the audience, and admits of large openingSL 
The vitiated air is extracted at the points where it is produoedf that is, close to the boxes and staJls^ 
and especially near the orchestra and pit-floor, through gratings placed vcrtic^y around the pit- 
boxes. Joly is also of opinion that the auditorium and the corridors, or lobbies, should constitute 
one single space, as far ns ventilation in concerned, and that tbe circulation of the air throuf^h this 
space should be provided for in accordance with the principle observed in mines, that is, the air is to 
he introduced at the top, passed througli the builaing, and discharged again at the top. This 
arrangement alone will ensure equality of temperature, and an efficient ventilation Uie direction of 
which shall be favourable to the sound waves. Large openings are indispensable, as it is a well- 
known fact that draughts are disagret able in proportion to the narrowness of the aperture through 
which they pass. To render the above results certain, it is especially necessary, in a theatre, to 
combine the suction of the furnaces and gaslights, with the action of a mechanical ventilator, pro> 
duoing a slight procure outwards, and allowing the air to be drawn from any point as required, smd 
to be regulated, warmed, or cooled. This means has been proved by experience to be the most 
economical when very larga spaces have to be ventilated; it iB also the most certain means of pro- 
viding that the incoming current shall be fully equal to the suction, and thereby prevent the ingress 
of aur through the stage and opi-n doors. As accessory means, the suction of the chandelier miut be 
reduced to a minimum by reducing the dimensions of its chimney, so that it may have only such 
influence on the ventilation as may be deemed desirable. The suction of the gaslights in the 
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oomdors and behind the scenes should also be utilized, and double doors provided in the lobbies 
and on the staircudes. When the atr-ducts have been once established| the proper openings for the 



VENTILATION. 



8085 



regnlaton determliMd, and the working of the Bystem thoronghly understood, the management 
should be placed in the bands of properly-qualified and responsible men, for without this no system 
however perfect will ever succeed. The proposed solution of the problem may be briefly summed 
up sfl follows .—Direct warming of the stage, lobbies, and staircases, and the latter to be furnished 
with double doors. Moderate wanning of the auditorium from the bottom before the publio are 
admitted. On the raising of the curtain, the fresh air, warmed or cooled according to the season, 
to be admitted through the cornices of the ceiling. JSztraction of the vitiated air at the bottom 
through gratings in risers of the floor and along the pit-boxes. Use of a mechanical ventilator 
to prevent draughts, eiyecially in summer, and the control of the arrangements placed in pzoperly- 
quulifled hands. 

A plan for ventilating a laige theatre, proposed by Morin, and adopted at the Thd&tre Lyrique 
in Paris, Ib shown in the aooompanying Figs. 7268, 7269. A description of this<plan was given by 

Y2S9. 




its author in a paper read before the Institute of Mechanical Engineers in 1867, from whi«h we 
extract the following ; — 

The number of seats in this theatre is 1470. For the yentilation of the stage and its depen- 
dencies, special means have to be applied by an auxiliary dlBcharge flue above the stage, intended 
for use when required to remove any large quantities of smoke from extensive illuminations. In 
the body of the house, where the maintenance of a constant ample ventilation is required, there 
should be a supply of fresh air of 1400 cub. ft. an hour for each person, with the means of increasing 
this in summer to 2000 cub. ft. an hour. It lb important for the supply of fresh air to be obtained 
from open spaces or gardens, if possible, or else by s^ial shafts bringing the air from a point above 
the buildings, and far removed from the outlets of vitiated air. In the case of the theatre shown in 
the drawings, the inlet for fresh air is made in the square of the Tour St. Jacques, by menus of a 
well 11 1 ft. diameter, conununicating by a tunnel A of the same area with the space underneath 
the theatre. Fig. 7268, where the warnung apparatus and the mixing air-chambers are situated. 
The velocity of the current in the inlet passage A was ascertained to be 8 08 ft. a second in a 
special examination that was made some years since, and the sectional area of the passage being 
97 sq. ft., the volume of fresh air admitted amounted to 300 cub. fL a second, which was somewhat 
in excess of the qnantitv that the apparatus was designed to supply. This area of inlet, however, 
has subsequently oeen allowed to be contracted considerably by the growth of ivy at the entrance. 

The admission of the fresh air to the body of the house from the main supply shafts P, P, 
Fig. 7269, takes place between the floor joists or through the fblse bottoms made under the floors 
of each of the rows of boxes and gallery, as shown by the arrows at B, B, Fig. 7268, the air entering 
horizontally all round the theatre through these spaces, which should not be less than 5 to 6 in. 
clear height The fresh air is also admitted by openings from about 10 ft. height in the vertical 
walls on each side of the stage, and by auxiliary channels under the flooring of the passages, 
intended specially for extra summer ventilation, and controlled by valves. For preventing the 
occurrence of unpleasant draughts upon the opening of doors into the exterior passages, these passages 
have to be warmed to a temperature of about 68°, and inlets of warm air ore provided opposite Uie 
different doors in the passages. 

A portion of the air, on entering by the main inlet passage A, Fig. 7268, is warmed by traversing 
two sets of beating apparatus G, G, placed in the basement ; and the remainder is delivered into 
mixing chambers rar regulating the temperature of the air supplied in the building. The area of 



8036 



VENTILATION. 



pasaago tbrough the heating apparatiu is 97 sq. ft., and the volume of warm air supplied is 245 oub.ft. 
a second, giving a velocity of current of 2*5 ft. a second. 

The vitiated air is taken o£f through numerous openings in the lower part of the sides of the 
boxes and passages, and in the risers of the steps in the gallery, each box or pair of boxes having 
a separate discharging flue ; and the total area of these openmgs has to be such as to allow the 
velocity of the air not to exceed 2 * 3 to 2 * 6 ft. a second. The exhausting flues E, £, from the sevoal 
tiers of boxes are made to rise towards the dome F above the chandelier, while those from the pit, 
orchestra, and boxes on the ground tier, are carried below the floor into main flues leading to the 
vertical shafts G, G ; and the area of these exhaubting pessages should be such as to give a velocity 
of current of B * 3 to 3*9 ft. a second. In tlie pit and orchestra, outlet gratings should be placed all 
round the sides, and in the sides of the air-passages underneath the seats ; these outlets open into 
the space left under the floor, which leads to the main exhausting shaft G on each side, this 
space being divided acconlingly into two portions by the central partition J. The outlet £p:atuigs 
should not be placed in any case in the floor, as was done in this theatre, contrary to Morin'a 
intention. . 

The cast-iron chimney-pipes I, I, from the heating apparatus are carried up the exhausting shafts G 
to aid the draught, the pipes being kept isolated throughout ; und a small fire-gittte H is placed at 
the bottom of each shaft, for use when extra ventilation is required in summer. The area of the 
exhausting shafts G, G, is required to be such as to give a velocity of current of 5*6 to 5*9 ft. a 
second; and they should lead, when possible, to the dome over the centre of the theatre, into 
which all the outlet flues from the upper tiers of boxes also discharge. The general outlet shaft K 
above this dome should be built of brick, not metal, and should be carried at least 20 or 25 ft. above 
the top, its area being such as to give a velocity uf current of about 6*6 ft. a second. 

A series of experiments on the ventilation were made on flve successive nights in May, 1863, with 
the external temperature ranging between 56^ and 74° ; and the result obSiiued was that with an 
average consumption of 4 cwt. of coal a night, the removal of 166 cub. ft. of air a second was effected, 
am )uuting' to 1400 cub. ft. an hour for each seat of the pit and orchestra. With this ventilation 
the temperature of the house can be maintained within comfortable limits ; but this extent of venti- 
lation is not actually employed, as the intended ut>e of the two large exhausting shafts G, G, is not 
carried out The experiments made at the same time on the ventilation of the boxes showed that 
an abstraction of 377 cub. ft of air a second was efiected by the centre shaft over the dome, 
amounting to 1800 oub. ft. an hour for each seat. The actual average ventilation for the whole 
house during the flre evenings was found to be 1330 cub. ft. an hour fur each seat. Bv this uniform 
veatilation the temperature in the different rows of seals was maintained most remarkably oonstanti 
the average temperatures in the first and fourth tiers being 68P and 70° respectively, when the 
external temperature was 52° ; and when the latter was 70°, their temperatures were 78° and 80° 
respectively ; in other large theatres, however, which are not so ventilated, these temperatures are 
not unfrequently as high as 95° to 105°. 

At another trial in November, 1863, when the external temperature was as low as 39°, the tem- 
peratures within the house were found to be maintained at 6^ on the stsge, 71° in the orchestra 
stalls, 73° in the buxes, 74° in the gallery. 

The ventilatinn of the Houses of Parliament at Westminster offers a good example of a system 
suitable to buildings of that character. Prubably in no instance have the general arrangements and 
the details been earned out with such strict regard to the object proposed as in the case of these 
buildings. Every existing system was examined, every authority consulted, numerous experiments 
were made, and no expense was spared, to obtain a perfect plan of ventilation. We may therefore 
regard the one finally adopted as the embodiment of all that was at that time known oonoeming 
the subject. Moreover, it is under the constant supervision of competent persona^ and is on that 
account valuable as an illostration of what may be effected by such means. 

The heating apparatus, consisting of immmse steam-boilers, is placed beneath the central hall. 
Stoiim was chosen as licing more prompt in its action than water, and sq enabling the temperature in 
a given place to be changed in a shorter time. The number of members present is oontinually 
varying, and it is therefore important that the temperature and the ventilation should be under 
immediate control. To regulate these in accordance witii the necessities of the moment, tele^raphio 
communication is established between the Speaker and the person in charge. The mode of lighting 
differs in the two chambers, but the warming is carried out in the same way in both. Fig. 7270 
shows a portion of the arrangement adopted. The fresli 
air is admitted on the side of the river through louvres 

A, the opening of which may be regulated in a chamber 

B. In Uiis chamber, according to the seasons and re- 
quirements of the moment, the air passes between jetl^ of 
cold water thrown out as spray from a tube G. It it be 
desired to increase the moistare of the air without cooling 
it, a divided jet is let fall from the pipe E, which jet is 
vupjrized by the steam-pipe D placed beneath. In the 
next chamber, F, are the heating apparatus proper. 
These are Gumey's steam -batteries, formed of plates of 
metal 1 ft. in diameter, arranged around a steam-pipe 
at a distance of { in. apart. Their number, that is, the 
« xtent of surface, is calculated according to the volume 
of air to bi3 heated. From thence the air is passed through a gauze veil, to interoept the dust and 
soot from the atmosphere. From the hirge chamber H it ascends through circuUr ducts I, and 
is distributed over the assembly chamber, into which it is adnutted through gratings in the flojr 
covered with matting. At the bottom of the duct X are flxed brattice-cloths, wUoh, when the 
current is too strong, are raised so as temporarily to partially dose the entrance. To modify the 
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lonperatiirB, recording as the Hoom is'empt; or anddenlj' filled br a rotb of memb^n when on 
[mparUnt qowtion U brought Torwud, in tbe chamber H additional butterjea K are placed, which 
are brought into or takes out of uie la obedience to orders recelTod from the Bpeaker. 

Tlie Titiated air is eitriioted through the paticU of the ceiling by ti.e auction of a large fnmare 
aitnate at the beae of a chimney. As tlie urdinary meana of regulating this draught flue, and pro- 
tecting it from tho influence of the wind, would have had a bad efl*ect on the appparance of the 
bnildinff, the smoke pipes are enclosed in iron lurreta, degigned iu the style of the rest of the arruc- 
tore. The gaalighti, which in both Houaes are in the ceiling, though differently umngcd, aaaist 
the dmnght ^ the flue in extracting the vitiated air. 

An excellent plan of ventilating a large meeting room ia thown In Figi. 7271 to 7271, which 
it the lecture theatre of the ComerTatoire doa Arts et M^era at Paris. ' " " 



in the Th&tre Lyrique, the arrangementa were designed by General Morin, and carried out UTidt-r 
hia mperrialoD. Then arrangemente are atao deacribed by Morin in the paper preTiously 

mi. 



TheTitiatAdaiTiatakenoffthTOdgbalargennmber of orificcamadein theriacnof theeteps A, A, 
Fig. 7271. opening into the panege B below the aeAta, which apace communlcatea by an outlet pas- 
•■ge C, Fig. 7272, with the diactocfing abaft D. The rcaniiite draught is maintiuned in the ibatt 
Dbymeaniof k fin at tbe bottom, ^mpen being plaeed In the psBBgeO to moder«ta the ouricnt 
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of the air. The aapply of fresh air is introdaoed from a mixing chamber E in the roof, and admitted 
to the leotore theatre through openings F, F- distributed over the surfaoe of the ceiling. 



f27a. 



Jmpmoil desArts A Mkien, Jbris. 
FUm/ of Roof of Leaurm Ifheatrei. 
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In snch buildings the area of openings for the abstraction 
of the vitiated air would be sufficient to prevent its Telocity 
through the openings exceeding 2*3 to 2*6 ft a second, the 
openings being distributed as uniformly as possible over the 
whole of the steps A. A. The velocity of the air in the outlet 
passage G should not exceed 3 * 9 ft. a second ; and the velocitv 
lu the discharging shaft D should amount to 6 ' 6 ft. a secono, 
in order to ensure the stability of the current. 

The inlet openings F, F, for supply of fresh air, when 
situated in the ceiling should have such an area as to allow the velocity not to exceed 1 * 6 ft. a second ; 
in this lecture theatre, where the total quantity of air admitted reaches 170 cub. fL a second, the 
area of openings slightly exceeds the above proportion. When it is requisite in such places for the 
inlet openings to be at the sides, they should be situated on two opposite sides, and as high from 
the floor as practicable. 

As the ventilation of buildings like this lecture theatre is required to be in action only when they 
are occupied, whilst the warming is needed to be in operation previously to their occupation, it is 
necessary to have the means of warming them by specisl orifices, in addition to those which supply 
the ventilation. For the purpose of warming, the large hot-air stove G is employed. Fig. 7S72, 
situated under the lower end of the room ; and the air necessary for combustion is supplied to it 
from the basement through the passage H. The fresh air to be heated is admitted through a separate 
passage I from the open courtyard adjoining, and after being heated by the stove is delivered into the 
zoom through the four openings J, J, in the floor ; these are only opened during the preparatory 
warming of the lecture tneatre while it is empty, and as soon as it is occupied they are doeed. A 
constant supply of hot air is maintained to the two lobbies K, K, bv the openings L, L, and also by 
the openings M, M, to the labomtory K at the back of the lecture tneatre ; this prevents any objeo- 
tionaole draughts of cold air occurring whenever the intervening doors are opened during the 
occupation of the theatre ; and the doors being all made to open outwards, the tendency of the 
entering air is to close them. At the upper end of the lecture theatre a similar heating stove is 
provided, but of smaller size, for warming the main entrunco staircase and vestibule at that end of 
the room. 

A portion of the hot air from the stove G is conveyed by the ascending pipe P to the mixing air- 
chamber E in the roof; and in order to ensure its equal difiiision over all parts of the lecture 
theatre, the raouth of the hot-air pas8a?e Q id widened out to the frdl width of the air-chamber E, as 
in the plan. Fig. 7273 ; while a hood B is placed over the central inlet opening F, and screens S, 8, 
are interposed at the two side openings, in order to prevent an undue proportion of the fresh warm 
air from entering the lecture theatre through these three nearest openings. A branch from the 
hot-air pas:*age Q to the two side openings T, T, Fig. 7273, ensures a proper supply of hot air to each 
of these openings. A similar supply of hot air is introduced at the other end of the roof by 
thn passage V from the smaller heating stove at that end of the lecture theatre. The fresh cold air 
is admitted into the roof chamber E through the entrances U, U, Figs. 7271, 7274, and by the 
arrangement of the hoods R and screens S at the ceiling apertures, the thorough mixing is ensured 
of the cold and the heated air previous to entering the lecture theatre, the orifice of the hotniir 
passages Q and Y b:'ing situated in all cases close underneath those admitting the cold air. By 
means of the valves U, U, the entrance of the cold air to the mixing chamber E is regulated 
according to the temperature desired in the mixed air introduced for ventilation ; in winter this 
temperature should oe about 3^° below that maintained in the lecture theatre, which should be 
about 68°. 

The Ventilation of .Club-houses, — The conditions imposed by the arrangements of dub-houses, 
which are composed of several apartments, sometimes connected, sometimes isolated, vary so greatly, 
that no system can be applicable to any two buildings without considerable modifications. These 
institutions possess, however, several features in common which must be considered in devising a 
suitable plan of ventilation. The apartments are large and lofty, and thus offer great fikcilities for 
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the inirodnction of the freeh air without causing unpleasant draughts ; they are also proyided with 
a large number of gas-burners, and at certain times of the day they are well filled with occupants. 
The atmosphere of the dining-rooms is laden with the odours of the viands, and that of the smddng- 
rooms with the fumes of tobacco. It is obvious that to keep the atmosphere of these rooms in 
a fit state of purity, large volumes of fresh air must be admitted. This will necessitate spacious 
air-ducts, and a correspondingly powerful suction or propulsion. Mechanical ventilators have been 
applied to this class of buildings with very satisfactory results. The Beform Club-house in London 
offers a very good example of this mode of ventilation ; and as the general plan is well designed, 
and the detuils carefully carried out. it may be considered as one of tbe best of its kind. 

The fresh air is supplied by a fan capable of throwing 11,000 cub. ft. of air a minute. This 
fkn, which is driven by a steam-eng^e of 5 horse-power, is placed in a vault in front of the 
building, and it throws the air into a spacious tunnel under the basement story of the building. 
The steam of condensation is utilized to warm the inoomiag air, the heat being communicated by 
the steam to three cast-iron chests of a cubical form. Each of these chests measures 8 ft. externally, 
and is divided internally into seven parallel cases, each 3 in. wide, which are separated by 
alternate passages of the same width. The firesh air from the fan passes through these passages, 
where it is heated to a temperature of about 80°, into a bricked chamber in the basement. From 
this chamber it is conveyed oy separate ducts, provided with registers^ to the several apartments of 
the building. The vitiated air is carried off through pipes into a brick chimney, the suction of 
wliich is assisted by a stove placed in the top story, and discharging its smoke into it. The 
economy of the arrangement is shown by the fact that 2 cwt of coal is sufficient to work the 
engine for twelve hours, the power of the engine being besides available for pumping water for 
purposes of the establishment, and raising coals to the several apartments on the upper stories. 

The Ventilation of IhDelling'house8,^The ventilatiun of dwellings is a question of really vital 
importiuice, involving as it does the health of every member of the community. And yet, strange 
as it may seem, nothing in the construction of houses is so little thought of. No expense is spared 
ill ornamental details ; every care is taken to provide an abundant supply of lignt and water ; 
judgment is exercised in the choice of a site that shall be at once cheerful and wholesome ; but that 
which is of still greater importance, namely, the removal of the vitiated air from the rooms, and the 
supply of pure air in a way that shall be neither disagreeable or dangerous, is either not thought of 
at all, or tlie cost is gmdgingly allowed. This question of house ventSation is of special importance 
to the females of a community, since nearly the whole of their lives is passed wiUiin doors. 
But to any thinking person uie gravity of the subject is obvious, and need not therefore be 
enlarged upon. 

It is seldom that a complete system of ventilation is applied to a dwelling-house, even when the 
yentilation is provided for. Usually in each room there is an opening communicating with the outer 
air, either directly or through a duct, in the length of which means are provided for warming the 
passing current, and the fresh air admitted through this opening is left to escape through the 
chimney. This system, if it deserve the name of system, is both pernicious and inefllcient. It 
occasions unpleasant draughts, and under the most favourable conditions it promotes an unequal 
droulation. But if we consider that for several months in the year there is no fire in the room to 
produce the requisite suction, and that frequently in the bed-rooms a fire is never lit, we shall at 
once see that any system of ventilation by single rooms must necessarily be totally inadequate 
to the requirements of a dwelling. An efficient system will therefore embraoe the whole house, 
and only such is worthy of consideration. It has been urged that the difficulties attending such a 
system are too great to render its adoption practicable. Prejudice against novelty lies, however, at 
the root of this objection. That the difficulties are more apparent uan real is proved by the suo- 
cess which has attended the introduction of a complete system in certain instances, some of which 
systems we propose to describe. 

One of the most simple and efficient is that due to Drs. Drvsdale and Hayward. These gentle 
men provide an up-cast shaft to carry off the vitiated air from the whole house, and employ the waste 
heat of the kitchen fire to produce the requisite suction. The advantages or this are that the sno* 
tion is kept in constant operation without the attention of any person in charge, and tJbe cost of 
producing it is nil. The air is warmed before being admitted, and the apertures bgth for admission 
and extraction are near the ceiling. A central hall is provided, into which the warmed fr^sh air is 
conveyed. The air-ducts for each room draw their supply from this central hall, into which all the 
rooms open. By this means a cold draught is prevented when the doors are opened. The vitiated 
air escapes through a zinc pipe in or near the ceiling, and is conveyed by flues in the wall up to^a 
foul-air chamber under the roof. This foul-air chamber consists of a zinc drum 6 ft. in diameter 
by 5 ft. high, into which the foul-air flues open at the same level. A discharge pipe, so placed 
as to draw equally from all the flues, leads from this chamber down to below the kitchen fire-place, 
and up behind the fire to the up-cast in the kitchen chimney-stack. The authors of this plan of 
yentilation have fully explained their views in a valuable little work entitled Health in Comfort 
in House Building, from which we extract the following description of a dwelling-house constructed 
by them in accordance with their system. 

" The house, plans and section of which are shown in Figs. 7275 to 7277, consists of base- 
ment, ^und floor, and first, second, and third floors. The basement is devoted principally to the 
collecting and warming of the fresh air. On the ground floor are the cellars, a ball-room, two pro- 
fessional rooms, a gentlemen's cloak-room and water-closets, and the main entrance, with vestibule 
and stairs' lobby, and servants' entrance and lobby. The first fioor is the living-fioor. On this is a 
drawing-room, with ladies' dressing-room and water-closet : a dining-room, with china closet ; and 
a kitchen, with cook's pantry, larder, scullery, and butler's pantry. Tlie second floor consists of tha 
family bed-rooms, four in number, with breakfast-room, housemaid's closet, bath-room, and water- 
doset ; and the third floor, of the servants' bed-rooms, also four in number, with children's play- 
room, store-room, and two water-cistern rooms. Alwve this, beneath the ridge of the roof, is the 
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foul-air chamber F, into which the vitiated air of all the rooms of the house is collected, and from 
whi(^ it is drawn by the kitchen fire by means of a down-cast C, passing down to the ground floor, 
and then ascending behind the kitchen fire D, and up the chimney round the smoke-fiue. 

'* The principal part of the house consists of a <Vont and back block, each about 38 ft by 20 ft., 
with a lobuy 9 ft wide between them, running north and south. This central lobby is the warmed 
air corridor, or ventilating lobby ; it is lighted by a window at its south end by day, and by Bickets's 

f lobes l^ night. At its north end it is shut offvtom the main staircase, vestibule, and front entrance 
y vestibule doors. Out of this lobby open all the principal rooms of t!ie house. The front 
entrance, with the vestibide and main staircase, 12ft. wide, are placed, not in the centre, but at the 
north end of the house. The main staircase runs between the vestibule in front and the kitchen 
stairs behind, and is lighted by a skylight. The servants* entrance and lobby are from the south, 

m5. 
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behind the ventilating lobby, and the servants' stairs run up between the mabi stalicese In fiont and 
the kitchen behind. By this arrangement there is an easy approach from the kitchen to the dininir 
and drawing rooms, and to both the front and the side door; and the lobby into which opensthe 
door that lets m the cold air by being frequently opened, is shut off from that out of which the 
bving^rooms open, which could not be if the entrance were in the middle of the front. 

•* The central corridor is an essential part of the house. It serves, of course, as lobbies to the 
rooms on each floor; on the ground floor it serves also as a museum, and between the dining and 
drawing rooms it serves as a bagatelle-room and picture-gallery; and by the introduction of gratings 
into the ceiUng and floor of each story, it also serves as an open corridor from basement to attics 

Along the centre of the ceiling of each story of the central corridor is an omnmental lattice- 
work, 2 ft. wide, and along each side of the floor above is an iron grating 1 ft. wide. These allow the 
warmed air to ascend from the lobby beneath to the lobby above ; but the floow check it for the 
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ranly of «aoh «toi7, and prerent it from rinng dlnetly lo the tap tma, m it would in a ■tain* 

" Tbe iDcoming air ic warmed 
by a hol-iTBlet sppuatiu fixed id 
tlie baaemcnt of the stain' lobb<r. 
The fiow-pipe is carried up, tod 
run one length of tlia bed-rooa 
Iol>by; it 18 then bnnight down, 
and nm once along the piclnre- 
eallery, after which it i* brought 
down to beneath the Mcondiiry 
inlet B, or the opening in tbe 
ceiling of the boBement of tbe 
oentral lobby, which it oovers, 
Tunning backwardaand rornwds 
tbe whole length tan tioiM ; the 
fresh air entras into the lower 
Murtof this baaetnent, and, riaiiig, 
u wanned by the heati-d pipes ; 
it then paiaea ttuongh into tbe 
lobby of the ground floor, and 
thence into the lobbies of the 
flnt, second and thinl floors, so 
that the central corridor ia filled 
from the gronnd floor totbeattiiM 
with warmed fresh air. Above 
tbe attic floor, this corridor is con- 
tinoed to tbe elates, and made 
into an air-tight obamber under 
tbe ridge of tbe roof, to receive 
tbe outlets of the litiated-air flues 
Tnrn the difl'erent rooms of the 
house. Out of this central oor- 
tidor all tliepriDcipal rooms open, 
and oat of it thej reaeive tbeir , 
aappty of fieab air. The eornioa 
round the ceiling of this corridor, 
and tbat of each of the rooms 
opening out of it, has a lattice 
central corichment 7 in, deep, and 
the wall between these two cor* 

nIcM is perforated by as many 7 In. by 5 in. openings as the joints will allow, so tbat the freah air 
baa a free passage from Ibe oorridor into the rooms, even when the doora are abut. The drawing- 
room basninetran of these openings, aflTording an inlet of freuh airotioorethanl}Bq. ft. distribaled 
along the wliule length of tbe wall on the aide of the room opposite tbe flre-place. Tlie dining-rouni 
has Bneeii openingi, aflbrdin^ an inlet of OMuddeTably OTer 8} ft. Over tlie gaaelier in the cenira 
of tbe oeiling of eeiii room is a ^rfbrated ornament covering an opening 9 In. sqnare into a lino 
tube, A A in the plan, 9 in. I^r U in., a&brding an outlet for the vitiited air of 40 so. in. This udo 
tube goes along between the ^ists of tba oeiling ioto a flue of the same dimensions m the tbirbneea 
of the wall, between the comdor and tbe room above, where it Is provided with a regulating valve, 
rbis flue disctuuges into the fbul-«it chamber : there is a similar fine from tbe closlc'roam, drctsing- 
room, breakfast'Toom, batb-room. kitchen, the haU-lamp, and from all tbe water-closets. All of UieM 
flaee open lepualely into tbe foal-air chamber. Dot of tbe north end of Ibia chamber gues a brirk 
flae or shaft, tbe down-cast C taken from the baok staircase. This down-cast outlet shalt goes 
straight down to below the first floor, and then oiosKt eastward md rises np behind the kitchen 
flre-plaoe, when it is flat, 6 It. by 1 ft. : it is then collected into a nearly square sbafl, S2 In. by 
26 in. Up tbe centre of this shaft runs a citcnlar earthenware smoke-flue from the kitch< n flre, 
18^ in. outside diameter, laving a foul-air ahaft, the up-cast, Burrounding tbe smoke-flue. Tbesa 
togetlier form a large chinmey-Btaok, which is carried up to a grentei height than any other cbinuiej 
of tbe bouse." 

This system is a truly scientifio and ralionslone. It is extremely simple and economical; it Is 
rontinnous in its sctioD, and operutes by niglit as well as by dav, in summer and in winter, and it 
does not require any attention. No doubt suoh a system is Seyond the reach oF tnany but it 
migbt be modified to suit leas bvourable conditions tban those to which its antbors wi re subjected. 
II show* at leust that a perfect vuntilutiOD, combined with a proper warming of tbe almoepliere of a 
room, is-not an Impoaajbility. 

Another mode of ventilating a whole bouse by a single apparatus, due to Dr. Oriscom, of New 
Tork, is shown in Fig. 72TS. It consists in utilixing the mnoke-fiuo of tbe heating apparatus to pio- 
dooe the suction necessary lo draw away the vltialed air through supplementary flues oontignous to 
llie heated-air flues. As represented in tbe figure, each hot-air flue eoten at tbe bottom of tbe 
roooi, at the poluta I and 2, for instance ; while, fcr tbe escape of tbe vitiated air, openings regn- 
latable by a sliding cover, are provided near the ceilings, a* A. B, ; suction through tlieee open- 
ings being piodnoed by the oolnroD of hot air in the flues which ran up to the veotilator V in the 
mof, and increase in siip at each story. If single flues are emploved lo renew the air of n room, 
the all whioh tbey contain may be colder or heavier than that m the room, and cmseqaentl; mi^ 
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pTodnee an effect contmrr to that deaiied. The kdvKntagea of Dr. Oriaeom'B wjttem mre, that it 
piDvidtf »{ ail times ui effldent iuotioD, ii independent for every room in tlie hoiue, operates during 
Ibe night by the aocnmiilBted heat of the sppcmtne, and acts in (ommer by merely opening only 
those openingi which are provided tar the eitiaotion otthe vitiated air. Thu system, eitber in its 
complete or in a modified form, haa beat mneh employed in America, and is very genataUy 
^iplionble. 




A third method of ventilation, deaoribed by Joly, is represented in Fig. 72T9. This method, 
which may be adopted with advantage in certain esset where the form of the building will admit 
oir tlie floes being arranged in the manner ahown in the fignra, oonsiata in empluving tbe heali^ 
apparatus both in mmmer and in winter for the anpply of freah ail. In winter the lieated air will 
be admitted through the latenil openingd A and tlie vitiated air extracted through tbe openings B, 
or up tbe chimDey of the apartment, if it have a fire in it. In snmmcr the tresh air is admitted 
through the same opeoings A, and extracted through the openings B by the suction of a apeaial 
heating apwratus pboed in the basement at 0. When seveml stories bare to be ventilateil, provi- 
Bion must be made by registers and valvea tliat the vitiated air from one stoty do not eacape into 
tbe next. This system may be modified in nnmerona ways to suit the conditions of a given case. 
The same may, indeed, be said of all tbe svEtema we have draoribed. It wonld be beyond tbeacogia 
of an artiole like the preseot to point ont Uie Tarions modifications that eaoh is susceptible of, even 
if it were possible to do so. These modifloationa are as nmneroas aa tbe eiroumstances tbi^ may 
arise, and they most be left to the knowledge and skill of the person to whom the design u 
eotrnsted. 

In large mansions the ventilation of the reoeption-room demands special attention. Here, at 
certain times, especially when nsed aa a ball-room, a large number of persons are assembled, wboae 
bodies, aided by the nnmeroas gas-jets, beat and vitiate the atmosphere in an unnsual degree. 
The ventilation arrangements in thrse apartments should tberefure be capable of admitting large 
Tolnmea of fresh air. But a grave diSenlty in these arrangements arisee fmm the healed state of 
the persons present, and especially from the chenuiter of the lediee' dress, which render it 
necessary to admit the air with a very low velocity, as draughts in sncb oircumHtanoa are in 
' the highest degree dangerona. Thus a primary condition in tbe ventilation of such rooms is that 
the apertures of Eulmiasion sbould afford a large area for the incoming current. It ia alao indispen- 
sable that these apertures should be widely diatribul«d, and sitoate as (to as possible from the occd- 
pants of the room. The warming of the fresh air previous to admission ia, in these eases, a matter 
of the highest importance. It is, indeed, sn obrions fact tbat tbe passage of laige volumes of «»M 
air through the room at such times would cause great discomfort and aerions danger. To prevent 
this, in spite of the continnnl opening and shntting of the doors, is a problem eztremdy difficult ot 
""'--•- ' rrioor, arranged as in Drs.DrTBdale and Hayward' 
■ IB will froque 
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meet tbe exigencies of the cose best, but arohitectnial and other n 

adoption of such a plan impoBsible. 

When, as ia often the case, neither the floor nor the oailing is avulable for the purpose, the fresh 
air most bo introdnced either tbrongh pilaitera against the walls, having the aperture directed 
towards the ceiling, or through the cornices provided with numerous openings turned in the same 
direction. A plan of ventilating such rooms, adapted by Joly to several Parisian aaloni, ia repre- 
sented in Fig. 721^0. The beBh-air duct enters &om an adjoining room A, or it maybe from a lower 
story; after tratersing the wall, it is divided into two portions, which run in opposite direrliona. 
as B, 0, D. Were the inlet not arranged in this manner, the whole of the air would enter at A and 
nnse a draught at that part without ventilatiiig every part of tbe room. The vitiated oil is 
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eztnoied thiqagh perforated openings on the opposite side of the room by means of the suction of 
a fumaoe or a meclianical yentilator. Two thermometers, one placed in the fresh-air duct and the 
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other in the fonl-air duct, should be employed to show the temperature of the air as it enters and 
as it issues. The vitiated air may also be extracted through the smoke-flue of the flre-plaoe by 
means of a portable stove, or, better still, bv jets of gas in the flue, fixed specially for reception 
days. In surh cases the air must be allowed free access to the cbimney, all obstructions, such as ar6 
frequently used as ornament, being removed out of the wav. To carry away the hot vitiated air 
from the gaselier, a flue F F is provided, which runs along between two joists in the floor above, 
and discharges into a chimney. 

The systems we have described can be applied in their entirety to houses only at the time of 
their erection. Sometimes one of them may, with considerable modiflcation, be adapted to an 
existing building ; but usually the plan of ventilation which the exigencies of a building, con- 
structed without any regard to such sanitary arrangements, necessitate, is merely a palliative one. 
Frequently little more can be done than to provide openings for the admission of fresh air in the 
upper framing of windows and doors. Such openings should alwavs be directed towards the ceiling, 
for the purpose of distributing the air and avoiding draughts, and they tihould be furnished with a 
slide to regulate the incoming current. If means be provided for warming the air tliat enters over 
the door, these openings should alone be used in winter. With such an arrangement, the system 
of ventilation may be a fairly efficient one, and in many cases a little skill only is needed to con- 
trive it. It is best to warm the air of the hall or passage from which the fresh air is admitted, 
because the discomfort of suddenly letting into the room large volumes of oold air bv Opning the 
door is thereby avoided. But when this is not practicable, warm air may sometimes be brought to 
the inlet aperture by means of a pipe. To allow the vitiated air to escape freely, the chimneys 
should be kept open when there is no Are, and, whenever possible, outlets should be provided in the 
ceiling or in the angles of the cornices. If these outlets can be placed in communication with the 
kitchen chimney, the efficienejr of the ventilation will be graitly mcreased. 

The ventilation of the bed-rooms presents the greatest difficulty, and is perhaps the roost impor- 
tant During the day-time, when the rooms aie empty, the suction of the smoke-flues from the 
rooms beneath produces an active circulation ; but at niglit, when the rooms are occupied, the fires 
below being extinguished, the circulation ceases. This happens even where a fairly complete system 
of ventilation ia carried out; and the foul-air flues are in communication with the smole-flue of a 
special heating apparatus, because the flres cannot be attended to at night. The consequence is 
that the atmosphere of deeping apartments gets into a highly vitiated s&te. This can be readily 
detected by the smell which, from the above-mentioned causes, is peculiar to bed-rooms. There is 
no doubt but that serious injury to health, especially with children, is occasioned by this absence of 
ventilation at night It would conduce to economy by avoiding sickness to keep a fire burning the 
greater part of Sxe night for the sole purpose of promoting a circulation of air in the bed-rooms. 
For this purpose ooke might be emploved, which is cheap, and will bum for a long time without 
attention. In towns, where gas is available, a burner placed so as to be capable of being turned up 
the chimney wUl effect aU that is desired. 

In every system applied to dwelling-houses, summer ventilation should be provided for. During 
five montkis in the year the sitting-rooms are without a Are in them, and consequently the suction 
of the smoke-flues is not in operation. If this alone be relied on to produce a circulation of air, we 
ahall have stagnation during a large portion of the year, and at that season when it is most likely 
to cause the greatest injury to health: It is true that during the hot weather the windows and 
doors are freely opened. But they are not left open aU the day, and in dull, Wi t weather, whatever 
the season may be, they are kept tightly dosed. To remedy this defect, the vitiated-air ducts 
should, whenever possible, be made to communicate with the lutchen chimney, in which there is a 
fire at all times. At the time of the erection of a building there will be little difficulty in carrying 
out such an arrangement, and very frequently, in the case of existinghouses, it may be readily 
applied by making use of iron pipes flxed in convenient situations, water-closets, wash-houses, 
and the kitchen itself, should always be ventilated by the kitchen flre, since for these offices a con- 
stant and vigorous suction is indispensable. The situation and construction of the kitchen chimney, 
are thus matters of considerable importance. The vitiated air should not be extracted through the 
smoke-flue, not even from the kitchen itself; but there should be special flues provided, heated by 
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.._ jmnaanA the fmnke-flne Id the a 

deeoiibed in tieating or the ventiletion of Bt. ThomM'a Hoepitat ; bnt it i« better lo provide laTeral 
fltiea,oQeof vbich ^onld bederoted exclnraTel; to the ventilation of the wato^loa^ mud tnotbmr 
to tlie ventilation of the kitchen. These Aaet ma; be conBtmcled.in aevsnl weye ; Fig. T2S1 al»ow* 
one aiMuigement giving two aii-floee, and Fig. 7ZS2 another b; which Ibnr Me obtained. If tb« 



vitiitted-elr dncta from the difl^renl rooms In the boiue be pleoed in nimmDnieation with these flaea, 

it is evident that an edeqiutte ventilation will be mainfained at all times without the coet of special 
fires. We oannot too strongl;. insist on tlie neceseity of patting all the water-cloeets in eommuDic^- 
tion with one of these lluea. which, as we have already said, should be nsed exclneivelv for that 
pnrpoBB. Only by sncb a provision can the dangcrona cfflnvia from these places be oomplelelT kthI 
certainly removed. It is important tliat th( ''Jlcben chimney-stack with the fonl-air flnee shonld 
be carried np to a greater height than the otht-r chimnejrg of the hoose, aa otlierwico the down- 
draughU throngh the latter in snmmer might carry the fonl air back into the rooms. 

Id Tentilating a kitohen, more perhaps than any other apartment, It ia neceaaary to provide aii 
abundant supply of A«ah air previously wanned by being passed behind the flre-place. If the air 
be admitted oold, the servants will certainly close the apertures, and so destroy the ventilatinn. 
The oloaing of the inlet apertures may even change the up-easl foul-air Sne into a down-cast when 
the flie ia very active, a oireumstsnce that would canae the oootents of all the tither flues lo descend 
Into the kitchen. For the admission of the fresh air in Hiunmer, openings over the windows provided 
with a sliding cover will be snfBcient. 

There remaios another moans of eitraoting the vitiated air fiom an apartment that we have not 
yet noticed. The combiistioi) of gas heats and vitiates the atmoephere of a room in a high d^ree^ 
and it baa been foond neoeaiary to provide an immediate means of eiit fur the bnmed air. As the 
gas-banier is, in most cases, pendent from the ceiling, the opening for this purpose is made in tlie 
centre of the ceiling directly over the bnmer. This opening is in commanication with a passa^ 
or Sue, which oonvejs the prodncts of combustion into tbe external attnosphere. It is obviooa 
that this fine maybe made available for the discharge of the whole of the vitiated air from the 
apartment, and such in fact is frequently dons. In London eapeoially, entrance-liaUs, shops, eating- 
houses, cluba, riAding-rooms, ana pablio buildings, are lighted In a form of gas-burner kuown 
aa the aan-bumer, and in all these cases ventilation is provided for by means of this burner. 
The earliest gaselier of thid kind consisted of a circle of ordmaiy butterfly or flsh-tail burners hung 
beneath a metallic reflector, into which opened the eitraotion-flne for thB bnmed i;ases. The Hist 
objeotion to this was the shadow thrown by the reflector aooording to the height at which it waa 
placed. This was remedied b; giving the apparatus the form sbown in Fig. 72B3, which is elitl in 
n use. The second objeotion v — 




jets. To obviate this a valve was provided, 
which oloaed the eitrootioQ-flue at the same 
time aa tlie gas-cock, and the top of the 
eitiBOtion-flue was ptotected from the wind 
hy a oowl or a similar covering. In the 
acoompenying flgnre the flne is vertical : 
the upper portion near the ceiling ia per- 
forated to admit tbe vitiated air of tbe 
apartment When the burner is recessed 
into the oeillng, it is surmounted by an 
iron dome, perforated to allow the burned 
ail to pass through. Fig. 72S4 represeuta a 
form very extensively employed in London 
hotels and shops. The gas-pipe descends 
Inside, and the vitiated air is carried off 
throngh the bottom and ton of the burner. 
The extraotion'flne in this cose ia hori' 
EOntal, and ia carried along within the 
tbioknesB of the floor above to a chimney. 
This is a much better arrangement, as it 
places the extract ion-flne nnder the inSa- 
enoe of the snction of the chimney. In 
the case of a dwelling-room, this ctumney 

should be one in whi(£ there is a oonstant fire. If the gas-flue is the only one provided ftv the ee 
of tho vitiated aJr, otherwise the ventilation will in a great, meesnre cease when the gas Is e 
guiahed. The utilization of the gas-flnes has only reowtly been seriously ooasidered, and it must 
be Botnowledged that it is yet in a tentative state, 

3%« VattiiatiM Hi Barraclu ami JPnamti—lii the mditaj umigementt of banMks, TentOatloa 
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^onld oooapytEe foremost plaoe. Here we have a large number of men oongregated, and at nieht 
thicklr crowded into small sleeping apartments. The rooms are osnally badly lighted and sparely 
provided with flre-plaoes. The water-closets aod urinals are generally in a filthy state, polluting 
the air with effluvia of a dangerous character, and even the badly-oonstnicted joints in the paving of 
the courtyards are filled with decaying organic matters. Moreover, the supply of water is never very 
abundant, and the use of it is more limited still. The ablutions of a private soldier seldom extend 
beyond his face and hands, the brightness of his weapons being considered by his superiors of more 
importance than the cleanliness of his body. These causes lead to the frequent outbreak of viru- 
lent diseases, and it is incumbent on all who have authority over the sanituy regulations to render 
the causes inoperative by providing an efficient ventiUtion. It is not necessary that we should 
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applicable to a given case. 

The ventilation of prisons requires a system similar in its general armngements to that in use 
in hospitals. The first important application of the plan of admitting the fresh air at the top of 
the room and extracting it at the bottom was applied to the model prison at Pentonville, and pub- 
lished in 1844 by Major Webb. The objects proposed wei«— 1, to provide each prisoner with a 
sufficient quantity of cold or warm fresh air without causing a draught; 2, to eiTect the displace 
ment of an equal quantity of vitiated air ; and 3, to avoid all communication between the prisoners 
by the transmission of sound. 

The system adopted to attain these objects is shown in Fig. 7285. In the oellan beneath 
the building are placed boilers, from which 
hot-water Pipes run beneath the floors and 
passages ot the ground storv. From thence, 
separate warm-air ducts for each cell run 
up to a grating in the ceiling beyond the 
reach of the occupants. On the opposite 
side of the cell near the floor is the aperture 
for the escape of the vitiated air, which 
aperture is in communication with a sepa- 
rate flue througli which the air is conveyed 
up to a collector beneath the roof. Here 
the fires of the establishment are utilised 
to give the requisite suction, and special 
stoves provided for use when occasion re- 
quires it. The same system has been ap- 
plied to the prison of M^zas in Paris. 

Warming. — The human body is a furnace, 
in which combustion U constantly going on. 
This combustion is the sole source of heat 
to the body. It is altogether erroneous to 
suppose tliat we derive neat from the me- 
dium in which we are placed. On the con- 
trary, the medium, being at a lower tempe^ 
rature than our bodies, abstracts heat from 
them. When we enter from a cold atmo- 
sphere into a warm zoom, we are apt to 
think that our bodies are absorbing heat 
firom tlie warm air of the room. But if we 
reflect that the temperature of the human 
body in health is always about 100°, 
whether the climate be frozen or tropical, and that the temperature of a room is alwavs consider- 
ably leas than 100°, we shall at once see that the warm atmosphere of the room must abBtract heat 
from our bodies as the cold external atmosphere did ; the only difi*erenoe is that one abstracts it 
much more rapidly than the other. It is the sudden reduction of the rute of abstraction tlat causes 
the sensation of warmth. When the air in contact with the bod^ is al a low temperature, it 
abstracts heat rapidly, and thereby causes a sensation of cold, and it is to reduce the rate of abstrac- 
tion that it becomes necessary to warm the air in winter, and to increase the quantity of clothing. 
The combustion above alluded to is at all times sufficient to produce an excess of heat. If the 
temperature of the atmosphere is at 100% it is incapable of abstracting any, and in such a case, even 
when sitting still, the heat is intolerable. Consequently the temperature of the atmosphere of a 
dwelling-room should be such as to allow the abstraction of the excess and no more ; for if it 
abstract more, we feel cold, and if less, we are uncomfortably warm. This temperature has been 
found to be from 63° to 66°, and it is to nmintain this temperature that the various systems of 
warming are employed. The maintenance of a due degree of warmth is as necesssry to health as 
an efficient ventilation, and it should theref<^ be considered in conjunction with the latter. 

In treating of ventiktion, we described the various modes of warming the air before admitting 
it into the room, and as the whole question of warming lies in this, it only remains for us to describe 
the several kinds of apparatus by means of which the warming is effected. These apparatus may 
be classed under the heads of the grate, the stove, gas, steam, and hot water. 

The grate is so well known that it needs no description. It is by far the most wastefol of fuel. 
Dr. Amott calculated that not more than one-eighth part of the heat generated was thrown out into 
the room, the roat being carried up the ohimney. Notwithstanding its wasteful character, it is by 
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far the greatest &yonrite in EnglaDcL This is due to its air of cheerfoIiieflB and comfort, and 
its power of oonoentratlng the woole family in one social oirole, a power that has rendered the 
fire-side almost an object of worship. There is, however, a liability to err in respect to the question 
of waste heat When discussing the merits of the several kinds of fire-places, it is oustomanr to 
speak of the heat which escapes from a grate up the chimney as representing so much fuel aboo- 
lutely lost. Such is far from being the case. * The heat that passes up the chimney performs a very 
important work by producing the suction requisite for the extraction of the yitiated air. Therefore 
the heat which escapes into the chimney. Instead of being considered as waste, should be regarded 
as so much motive ^wer necessary to ventilation. There is no doubt, however, that the power thus 
a£forded is greatly in excess of what is needed, and for this reason grates must be considered as 
very wasteful of fuel. Numerous attempts have been made to improve them in this respect, some 
of which have been fairly successful. 

When a fire is kindled in a fire-plaoe, the heat produced by thccombustion is divided into two 
parts, one of which is utilized to warm the apartment — 1, by radiation ; 2, by the reflection of the 
rays from the surfaces of the fire-place ; and 3, by the hot-air chamber when there is one, which 
heat is sometimes ^led heat of transmission ; wnile the other part passes into the smoke-flue, where 
it serves the two important purposes of ridding the room of the products of combustion and of pro- 
moting ventilation. These latter purposes every kind of fire-place must efficiently accomplish ; the 
objection whidi lies against the open grate is that too much of its heat, often as large a proportioa 
as 90 per cent, is turned to this account Now, a sufiftcient draught is produced to effect the pur- 
poses indicaled above if there is a difference of temperature of 25 or 80 per cent between the column 
of air in the chimney and that of the external air. But as it is frequently necessary to produce a 
stronger suction than would result trom this difference of temperature in order to reduce the sectional 
area of the inlet air-ducts, we may assume that there should be a difference of 40 per cent Aa 
only about 10 per cent, of the heat produced is utilized in the room by direct and indirect radiation, 
we see at once that a large proportion is absolute waste. To remedy this costly defect of tlie open 
fire there are two means available, namely, a more effective arrangement of the radiating surfaocts 
and a fuller utilization of what we have aesienated as the heat of transmission. One improvement 
consists in dimintbhing the quantity of metu in contact with the fire ; for as iron is an excellent 
conductor of heat, it passes tne heat into the wall as fast as it is generated, a fact that is rendered 
dearly apparent by the surfiEM^ of the coals in contact with the iron being always black. This im- 

Srovement is effected by forming the back and sides of fire-bricks. The form of the grate is also 
eserving of attention. The object being to present a laige surface of glowing heat at the front, 
the grate should be made long and deep m proportion to its width from front to back. This prin- 
ciple nrast however, not be carried too far, or the stratum of ooal will be so reduced in thickness aa 
to bum imperfectly. Another important matter is the shape of the chimney-mouth or recess above 
the grate. If the sides are square with ihe back, it is evident that no portion of the heat &Uin^ 
upon them can be thrown out into the room. To render this heat available, the sides, or covings aa 
the^ are technically termed, should make an angle of about 130° with the back. Usually these 
oovmgs are made of curved iron, and polished to reflect the heat; as, however, they speedily oecome 
covered with soot, it is doubtful whetner they utilize the lieat &lling upon them to tne degree that 
bricks would do. The conductivity of the metal transmits the heSk to the wall behind, where it 
serves no useful purpose, but bricks would radiato it when they became sufficiently heated. Mudi 
depends also on the dimensions of the chimney-throat, wlach should be just sufficient to allow a 
passage for the burned and vitiaied air and the smoke, and no more ; for if larger dimensions be 
given it the warmed air of the room will be carried away too rapidly. To regulato the size of this 
opening is the object of the register in the r^gistor-grate. All the numerous forms of grato recently 
introduced have been constructed on these principles. We shall not attempt the endless and 
unprofitable task of describing all these new inventions, but will content onnelves with merely 
directing attention to one form in which the fuel, instead of being placed on the top of the fire^ is 
supplied to it from below. The chief advantage of this system is uat combustion is complete, the 
smoke being wholly consumed by the glowing mass of coals above, through which it is forced to 
pass. By this means fuel is economized, and the outside a^oephere is rid of one polluting 
cause. 

The utilization of the excess of heat, which, in spito of rase. 

every improvement effected in the grato and the chimney- a 

mouth, will pass up the chimney, offers the most pro- i ^ 

mising field to inventive genius. We have alr^y | | 

described incidentally the various modes of employing k 

this heat to warm the air previous to admission, and so ^ 

far such systoms are satisntctory. But as this excess of B 

heat is always large, more of it might be made available 

for radiation into the room by passing it through one or 

more convolutions of passage behind the chimney-piece, 

or in some other position, oefore admitting it into the 

chimney. An excellent plan of effecting Uils has been 

proposed by Joly, and is shown in Fig. 7286, which we 

take as an illustrution of what may be accomplished in 

this way. 

When the fire is first lit the damper G is opened, and 

the smoke allowed to pass directly up into the cnimney A. 

But as soon as the draught is well established, the damper 

is closed, and the burned air and smoke made to pass 

down behind the chimney-iambs, beneath the hearth, and np again on the other side, as shown in 

the figure, before being admitted into the chimney, after the manner adopted in Russian stovee. 
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Tlis incomlDg lir i» warmed b; Mug made M peu np in oonUot with the flne, u ihown M B. 
With Buch ftn omuigement tbsre noula be very little iraste of heat. 

Stovti. — By the term alove u genemUy understood an euolomie of metal, brlok, or euthennre 
oonstiucted to oontain t, flr^ tad plkced awaj ttom the vail of the room. Though the open Sre 
ootilinuRS to be in faroor In EcBluid, id otbef countnea, eBpednlly where ftiel ta scarce, the 
•toie ia in timost unirereal lue. For almply warming an apartment, the stove poasessee an enor- 
mooi) adrantage over the grate, iQllBmuc^h as it utilUea from 80 to 90 per oent. of the fuel. But it 
auBt be borne in mind tbnt this economy ia pnrchaaed at the ooit of TentilatioD., Ab a wriler haa 
well remarked, Dothiog ia easier then to wiirm a close apartment Shut a man in it, and aopplj him 
with food.and hiat>ody will liea stove safflcient to warm the atmoaphere, the onlv drawbwk lo thia 
method being that the man's death from Buffocation will onl; be a qceetion of time. A aimilai 
objection liea against ttie stove ; it tends to promote uDflbcation. Other objeotioos are, its liabilitj 
to Dscnme overheated, and to Inim the air, and its want oi the cheerful aspect posBf-ssed by the open 
fire. Tha nnwholMaiiielieaa of the stove has, however, been removed to a very great extent. 
If doe preeantiona ar« taken to carry off the noxioDS prodnots of oumbuetioD and to prevent 
the Burfaoea from becoming overheated, the stove may oe made to do useful service, both in 
warming and in ventilating an apartment. The conditions which most be falfllled in the oon- 
straction of a Htove to render it both wholesome and efflclent are the foUowiug ; — The fire-box must 
poBsesa dimensiona proportionate to the heating surface, and be so armuged uiat no portion of the 
Burface in oontaot with the air may lie ovarhested. The smoke-passage must be onobstmoted, and 
of a diameter proportionate to the &re-box and the degree of ventilation which it is required to 
produce, and an evaporating aur&ce mnat be provided to maintain a proper degree of moiatiue iuthe 
atmosphere. 

Thenumeroua iuveations of recent vean have all been attempts to reallie these conditions. The 
maini employed to avoid overheating tLe aurfaoe is to lino the cre-box with bricks, and to enclose 
it in Eeveral casings, by which means the heating surface ia iocreased. The earliest BDoce««ful 
attt-mpt tn improve the atove, and render it wliolesome, wob made in 1R55 by Dr. Amott. The 
Amott stove, ahown in section in Fig. 7287, has served as a model for anbeeqaent inventors, who 
have done little mom than improve the details of its arrangement. Thefeed-dranght is admitted near 
the ash-pit duor, and is regulated by a valve, which allows a slow oombustion to be maintained. The 
coal is introduced at the top tlirough lids, which are rendered nearly air-tight by means of aand- 
joints, that is, by their edges b^g turned down and made to dip Into grooves filled with sand. The 
flre-bos is lined with flra-brioks, as ahown in the figure, to prevent such oooling of the ignited mass 
as might iuterfero with a steady combustion. The stove proper is enoloeed in a esse or ouvsring, to 

Erevent the intense heat of the former bom Injuring the air of the room. In this example, the ooal 
represented as burning tiom the top downwards; bntintbe most approved form of this stove the 
coal is lit at the bottom. In this ease, only that portion <^ it which ia in contact with the bars 
through wbiob the air is admitted is in a state of active oombustion. Theunigniled ooal siakidown 
•a tlie knrer layer is ocosnmed ; thus the stove fa eelf-feeding. A sufficient quantity of ooal may bo 
plaoed in the stove to lut twenty-four hours, a valuable feature when it Is to be used solely fin 
TCntilative pniposei. 

na. ms. 



After Dr. Amott. Sylvester, a 



imrnovcd 
in Wb.7 



'Ae fuel ia placed upon a grate, the ban of whieh are even with the floor of the room. ThB 
sides and top of these stoves are oonatmcted of double casings of Iron, and in the sides a series of 



being sopK^nrtioned to the fuel consumed that the whole can never rise above the tempeiatu: 
212° Fnnr. nnder any cironmstanoea. The sidea and top of the stove are thus converted into i 
chamber, offing ao eitensive soifaee of healed metal. At tbebotUnn, thnnigbjn opening lathe 
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ornamental part, the air is allowed to enter, which, as it becomes warmed, rises throngh the different 
oompartments formed by the hot parallel plates, and escapes at the top through similar openings 
into the room. 

Bylvesier's idea was modified a few years later by Gamey, who produced the stoye represented 
in Fig. 7290. It resembles Bylvester's stove in possessing the multiple heating surfaces. It difiers 
&om it, however, in form, and in not always being lined with fire-brick, 
overheating being prevented by placing the stove in a pan filled with 
water, the evaporation of which is effected with a rapidity corresponding 
to the activity of the combustion. It would be preferable to line this stove 
with bric^ in all cases, and a more ornamental appearance might be given 
to it by substituting a vase, conveniently placed on the top, for the some- 
what unsightly pan at the bottom. This stove possesses the undoubted 
merit of having popularized tlie use of the plates or ribs first introduced by 
Sylvester. 

When a stove is employed solely to warm the air before being admitted 
into an apartment, it is termed a hot-air stove, and its construction is 
modified to render it suitable to the purpose intended. Stoves applied to 
this use generally consist of a fire-box, smoke-pipes in one or more convo- 
lutions, a casing enclosii^ the hot chamber, and hot-air pipes running 
&nm the top. But the details admit of an infinite variety in the arrange- 
ment^ and it would therefore be futile to attempt a description of them. 
We have already shown some of these arrangements when treating uf 
ventilation. 

When large spaces have to be warmed, such as the interiors of public buildings, it is obvious 
that a single radiating stove, whatever its dimensions may be, must be quite inadequate to the 
purpose ; for the distant parts of the room would remain cold even after the heat in the immediate 
neighbourhood of the fire had become intolerable. To increase the number of the stoves would entail 
great additional labour and expense, and in many cases would be altogether impracticable. Hence 
it is necessary to employ means of transmitting tne heat firom one fire and of distributing it equally 
over the whole space. The means used for this purpose are hot air, hot water, and steam, to which, 
as applicable to certain cases, may be added gas« though the latter must be considered as a substitute 
for several fires, rather than a means of transmitting heat from one fire. Hot air possesses the great 
advantages of being extremely simple and cheap in its application, and of ensuring an adequate and 
perfect ventilation; but it is open to the grave objection of rendering the air unwholesome by over- 
neating it As we have previomdy exj^ined, uir suddenly heat^ is unwbolesomely dry; but 
besides this, when air is passed over metal in a state of intense heat, the organic matters floating in 
it are burned, causing the unpleasant smell which air so treated always possesses. This objection, 
however, lies rather against the details than against the principle of the system. If the air, instead 
of being brought into omtact with a small surface intensely hot, were passed over a much larger 
surface at a correspondingly lower temperature, the same effect of warming would be produced 
without the unwholesome consequences that attend the former case. The various modes of dis- 
tributing the warmed air have been already described. 

Hot water is by ilar the most generally employed means of warming buildings. Its application 
to this purpose seems to have been first suggested by John Evelyn, who, in his Kalendarium 
Hortense, proposed, as early as 1675, to employ it to warm hothouses for plants. In Evelyn's plaii. 
which is illastrated by drawings, we find all the elements of our present system of warming and 
ventilating by hot water, and the details are skilfully arranged. But it does not appear that the 
system made any progress in his time, for we next hear of it in 1816, as introduced mto England 
by the Marquis de Ohabannes from France, where it had been employed since 1777 by Bonnemain 
for the artificial hatching of chickens. Since that time it has continued rapidly to develop itself 
The principle of this mode of conveying heat is a very simple one. Suppose a circuit of pipes A B C D, 
Fig. 7291, in which a furnace is placed at A and an expansion vessel at B; the water in thia 
circuit will remain in a state of absolute rest, because tne 
columns A B and D G are of equal density. Suppose now a 
fire made in the furnace at A ; the column A B will be heated, 
and consequently its density lessened, and the equilibrium of 
the two culurans will be destroyed ; the portion D A will be 
driven towards the furnace with a force proportionate to the 
difference of density in the two vertical columns. If now we 
conceive the columns B C and A D produoed, it will be evident 
that heat may be transmitted through them to a considerable 
distance. Moreover, it is obvious tluit if the pipes are made 
of a good conducting material, as iron, and are coiled or multi- 

Slied in their course, they will give off their heat in a degree 
irectly proportionate to the extent of their surfaces and the temperature of the water relatively to 
that of the surrounding^ atmosphere. 

As the heat fn)m the pipes affects the circulation of the air in the room, the pipes must be dis- 
posed in accordance with the sybtem of ventilation adopted. Obvious as it may seem, this precaution 
IS frequently neglected, and the cimsequence of such ignorance is cold draughts in every part of the 
room. There are various ways of arranging the hot-water pipes. Very often they are placed hori- 
zontally, either upon the fioor against the walls of the apartment to be warmed, or beneath the 
floor ; in the latter case, a gmting is placed in the fioor directly over the pipes. This arrangement 
is the usual one adopted in churches. Sometimes the pipes are fixed vertically in special flues in 
the walls, as shown in Fig. 7292 ; in this case, an opening is provided in the flue at the top and 
bottom of each apartment to allow of the joints bemg inspected, and to afford a passage for the 




VENTILATION. 8049 

TentilktiTB cnirente. ADother amogemeiit, and (me that la Damennii omm i» by mnob Ibe best, to 

to place the pipes ia coils, or some olber mitsble manner, in the bwetoent of Ulb building, and to 

emplny them instead of air-storea to lieat the inooming Teutilative aaireot. 

By tliia means all the odvanlagee ot the hot-air system may be obtftined, oith- tms. 

out the defects vhich we have previously pointed out. An amngemetit of 

this kind has been desaribed in conneotion with the ventilation of St. Thomiui'a 

Hoapittd, and at tlio Honsea of Parliament a similar plan is earned oat b^ 

me*ng of sleora. The best meana of oombiaing the warming with the rentl- . 

lating of an apartment, or set of apartraenta, and it ie impoegible to tcpante ^_ 

thcaewithoul prodnoing erfater evils than lliu warming is designed to avoid, i 

Is undonbtedlv aOurded by hot air. Ab we have alreudv puinti'd out, the 

objections to the latter system lie, not agiiiust the prinDiple of it, but against 

the mode of beating the air ; and if hot natei were substituted for the hot-ali 

stove, every objection oa the score of unwholesomcniBS would be ramoved. 

Pth, Drysdale and Haywnrd, whose system of wsj'ming and ventilating has 

alieftdy been destnibed, condemn the mode of wanniiig with hot air as being 

nnobolesome, but they admit its superiority over every other mode by prao- 

tioally adopting it; tor though they employ liot water, tbey do so only to 

warm the mcomjng ventilative cnrreut An advantage poBsesBed by the bot- 
■water over the hot-air system is that it may be more easily apjilied to an 
existing building. The form of the furnace and tlje arraogement of its delalla 
admit of endless variety. The object lo be attained is the same as in a steam- 
boiler, and the means employed must thus be similar. 

To avoid the ueoesaiCy fur so large a mass of water and such an extent of 
heating surface, the higb-pr^aanni system was introduced by Perkins. lu this 
aystem the pipes are made very small and very Ktroog, frequently 1 iu. ontalde 
and i in. inside diameter, and always of wrought iron. These pipes are formed y 

into ou eudlesB citcuit and hermullcully closed, and the water is made to circa 
late through them rapidly at a temperature of 300° and upwards. The furnace 
ia enolueed in brick, and the water is heated by passing a number of coils of 
the pipe through the furnace. At the higliest part of the circuit is an eipan- 
■ion vessel, also shut off from the atmoauht-re, and alluwiug an eipansion of 
15 or SO per cent. The pipes may be carried throuKh the building in the same 
way as in the low-pressure system already described. A common arrangement 
is lo place a eonsiderable coil in a uedest^ or bunker with open trellis-work in front, tn a cc 
part of the room. From the imallness of the pipes empluyod in this system, they can be readily 
placed in position without iqjury to the floors and wa^ls. The mode of inereeang the heating 
■urfaee by euils is also an advantage. The objections to tliis syttem are its expensiveneaa, wbicfi 
ij a great obstacle to its general adoption, and the liability of the pipee to buret. 

The great capacity of water for heat, and the permanence of its circulation even long after the 
fln in the fuiuaoe bos been extingaisbed. ensure a regular temperature in every part of the room 
in spite of inleiTuptinns of the furnace flre, and oonstitute one of the giesteat advantages of the 
bot-water system. Also heat can be conveyed by means of water to a great horisoutal distance, 
wldoh it ia hardly poeeible to do with hot air, and the air is never overheated as it freqaeutly to by 
atovea. Other advantages possessed by the sj stem are ito economy of fuel, the facilities it offers fat 
the constant supply of hot water for baths and lavatory purpcses, the retuly moans it affords for 
effecting an adi;qiiate aud suitable ventilation, and the surety it gives against fire, and the leaser 
but great evil of smoky chimneys. On the other hand, its first oust is considerable ; it u very slow 
in its action on aoeount of the mass of water to be beoted, and it lacks the cheerful appearance of 
the open flre. 

Steam posaessea several advantages over hot water that hat led to iU adoptioo in many public 
bafldings. In factoriea, workahopa, and all places where steam power to employed, it aflbrda the 
readiest, the most efficient, and tlie cheapest means of warming, because the Menm may be taken 
directly from the boilir. Where, however, a speciul boiler has to be provided, the ooet is usually 
greater than that of water. Warming by steam to foonded on the property which steam possesses 
of being suddenly condensed when brought into ooutuet with a cold surface, and at the same time 
of giving out its latent heat, which u cumuiunicatid to that surface. The coiideoaing vessel to 
usually a pipe placed In a suitable position in the room to be warmed. The circuit of pipe is so 
dlspceed that the water derived from the cundensation of the steom is onuveyed buck to the boiler. 
The chief advantages of steam as a means of warming, consist in the rapidity with which heat may 
be conveyed to and out off from a given point ; the great quantity of beat that may be oimveyoii, 
and the consequent small dimensions of the pipes required. 

To ensure a suecoeaful working of the system, the details must be carefully planned and 
executed, and the extent of beating sntfooe must be calculated according to the size of the mom, 
the thlckueas of the walla, the number of windows^ the northern or sonthem aspect, or any other 
■ouroe of loss of heat In making this calculation of the requisite surface of sttam-pipo, it U usual 
to allow I sq. ft for every G sq. ft. of single-glass window of the ordinary tliioEnesa; I aq. ft. 
for every ViO sq. ft. of wall, floor and ceiling of ordinary material and thickness, and 1 sq. ft. for 
every 6 eub. fL of hot air eaoaping a minute as ventilation. The first cost of steam apparatus to 
IcM than that of hot water, on account of the small dimensions of the pipes required ; and provided 
the detaito are ptonncd and executed properly, there will be no risk of leakage, nor any danger to 
be apprehended of explosion, as the condensed water returns immediately to the boiler through 
pipes suitably placed. As the pipes occupy even less space than Perkins's high-preHnre hot-irater 
pipes, the advantages afforded by the latter in this reipect am realised in a higher degree by the 
useMstoam, 
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Gas baa not yet beenqiylieda yatem atioBlly to the wanning of the atmoaphere of an i^iartment. 
It poBneiMflB, liowerer, qnuities that render it yery suitable for this purpose, and it is probable 
that a future generation wiU turn on heat, as we now turn on light, by means of this valuable 
agent 

Books on Warming and VentUating ; — tinman (W. 6.), * Report on Ventilation, Warming, and the 
Transmission of Sound,' 8yo. 1836. Tredgold (T.)* ' Principles of Wanning and Ventilating Public 
Buildings,' Svo, 1836. P^let (E.), * Traits de la Ghaleur,' 3 vols, royal 8to, Puris, 1843. Betd 
(D. B.X * Theory and Practice of Ventilation,' 8vo, 1844. Beman (W.), ' History of the Art of 
Warmmg and Ventilating,' 2 vols. 12mo, 1845. Amott (N-X ' The Smokeless Fireplace,' 8to, 1855. 
Morin (Gen.X ' Etudes sur la Ventilation,' 2 vols. 8vo, Paris, 1861. Bitchie (R.), ' On Ventilation, 
Natural and Artificial,' 8vo, 1862. Box (Thos.), ' Practical Treatise on Heat,' crown 8vo, 1868. 
Hood (C), ' On Wurming Buildings and on Ventilation,' 8vo, 1869. Eassie (W.), * Healthy Houses/ 
12mo, 1872. ' Health and Comfort in House Building,' by Drs. J. Drysdale and J. W. Hayward, 
8vo, 1872. Joly (V. Cii.). * Traits Pratique du GbaiAge et de la Ventilation,' n^al 8vo, Paria, 
1873. Reid (D. B.), * On Ventilation in American Dwelmigs,' 8vo, New York. 

VIADUCT. Fa., Viaduc; Geb., Viaduct; Ital., ViadoHo; Spah., Viadueto. 

Though strictly speaking embankments, outtings, and tunnels are viaducts, the term is general! j 
understooid to apply only to elevated roadways supported upon artificial oonstnictions of stoae, iron, 
or timber. Thus a viaduct may be deftned as an extensive bridge, or series of arohea, erected for 
the purpose of conducting a road or a railway above the level of the ground in crossing a valley, or 
any place where it may be necessary to conduct the road or the railway at the requisite elevation 
above the natural surface of the ground, in order to avoid interferonce with provioualy existing linea 
of communication. The wide extension of the railway systems, and the istperative neceasitr in 
their construction for preserving a horizontal level for the roadway, or at least of departing frona 
this level within very restricted limitf only, have rondered the construction of viaducts an important 
part of railway engineering. Wiien the necessity oocurs for raising the line to a height consider- 
ably above the natural level of the ground, various oonaderatioDs may arise to influence the 
engineer in his choice between an embankment and a viaduct. If the height be great, or the sub- 
formation of the valley of a very unstable nature, an embankment is scarcely practicable, and there- 
fore valleys, whether having a stream in them or not, are almost always crossed by viaducts. In 
other oases, appearance and economy must be considered. An embankment, by cutting oflf the view 
beyond, may destroy the value of a site that without it would be picturesque. This consideration 
in some instances may be an important one ; but usually the question is decided on the ground of 
economy. An embankment covers a wider base than a viaduct, and covers it too in a more absolute 
manner, for it must be borne in mind that the space beneath a viaduot may often be profitably 
utilized. Want of oohesion in the materials causes an embankment to subside under the Iieavy loads 
that are oontinually passing over it, and from the effects of heavy rams. Thia latter cause also 
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operates to wear -away the sides and other exposed snrfaoss. Thus the question of repairs becomes a 
serious one, and often leads to the choice of the viaduct as involving less expense for construction 



and tnMntenaiiee. Thta to «nwci- 
allj the cue in the DeighboaTliood 
of fowiu where k railvaj has to be 
bionght In on a level lulBoieDtlj 
elevated to enable it U> pau urer the 
•treeta. The oatakirta ot LoDdan 
oontaJn numeroiu eiamplea of this 
mode of can7iDg a line of lailwa;. 

As a iladuet is nothing more ** - 
Uun an extended bridge, we need 
not enter hera into a ocDiideiatlon 
of the ptinoiplea of iti oonatmotion, 
which, beiag pieoiMlj dmilar to 
those of a bridge, have been full; 
treated in another article. The oolj 
differeuoa of constniotion In the «. 
detaib of the viaduot ia due lo tho 
gieat height of the pien which thia 
rtrui^tiue rreqnentl; reqnina. Thla 
oiraqnutance rendert It neMaaarr 
to tie ttu pien between the ground 
line and the ipringhig of the arehea. 
Thia ii effected bv throwing a light 
aich From one to ue other, aa ehown 
in Pi)^ 729S, 7297. Theae Figi. 
7293 lo 7298 are given as ihnpla 
tvpea of itone-viadnct conatructian. 
The two formal have each a oon- ^ 
■tant breadth of 2S ft. 6 la, whioh jS 
la anfBoient for a double line of " 
rails. The fooea of the apandrila 
are vertlod; the pien are solid 
aod have no inaeti m anjr part, but 
to ooMpensata thia their natter la 
oonsldeMUe^ Mm: '03S iu the 
longitudinal and 'OS in the tnoa- 
vene aeotion. The bonding of tha 
maaour; is atroigthened b; oouraaa 
of aablar-work extending throndi 
the pier at Intervals of Jiout 12 ft. 
AH tha aalient anglea hare atone 
dresaioga. When the haiKht of the 

Eien ia great, thef are tied or rather 
uttreaaed, linoe tliare oan be no 
tensile strain, with lieht aaemantal 
ansbea varjring in breadUi from 
II ft. to 14 ft. 6 in., aooordine to 
the liie of the principal arcties. 
Tlili buttreai Moading i* dtuate 
about 60 ft. below the tptlnging of 
tboaroliea. In the t^pe lepreaented 
in Fig. 7295, ever; fifth pisr ia 
stiengtbeoid with a ceotral maM 
of ma»jnr7, the thlokneea of whloh 
ia condtiktit tor the whole beif^t, 
but whioh variea bom 5 to 8 (t. 
according to the reqoirementa of 
the load and the thruat In the 
side elevation this oeotral portion 
firms projeoting countarforta. 

Tbne are nnmerona flna ex- 
amplea of timber viadnota In axiat- 
enoe. One on the line of the Biob- 
mond and Pcterabnrg Bailwaj, in 
North America, baa a total length 
of 2900 ft., and ia constructed on tho j 
triM prindple. The trasa fhun^ i 
wliieh an hoHiootal on t^ and 
botloD), ace 20 ft. det'P, and are cup- 
ported upon eighteen gnuiite pten 
standing 40 ft. above tbe water, at 
diatancea apart var7ing from ISO to 
133 ft. A aimilar sb^ture erosaea 
the Soaauehannah, and la 2200 ft. 
in lengdi, each span being 220 ft. 
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Among the fineet examplee exiiBtiDg in England may be mentioned two on the Keweefltle and 
Tynemooth Bail way. Cfne of these structures crofiaes tUe Ouse bourne, a public roadway, a mill- 
XBoe, and the adjacent valley. It oonsists of five wooden arches, three of which are 116 ft span 
and two 114 ft., and four end arches of masonry, two having a span of 43 ft, and the two othen 
36 ft. ; the total length of the viaduct being 918 ft It carries a double line of rails in a breadth 
of 26 ft, and a footway 5 ft. broad ; the height of the rails above tUe bed of the bourne is 108 ft. 
The piers are of masonry, and have a considerable batter, the principal being 21 ft wide at the 
footings and 15 ft at the springing of the arches ; they are continued, with reduced dimensiooa. 
np to the level of the roadway. The construction of the wooden arches is worthy of special 
attention. The ribs of which they are composed are of kyanized Dantzio deal, and they are turned 
to a radius of 68 ft, the rise being about 33 ft. The planks of which these ribs are made up are 
11 in. wide by 3 in. thick, and are in lengths varying from 20 to 46 ft In building up the rib, 
these planks are laid two whole ones in one course, aiid one whole one and two halves in the next 
course, care being taken to cross the joints both lonc^tudinally and in depth. The number of couraes 
80 formed is fourteen. To fix these courses together, oak treenails 1| m. in diameter were used at 
distances of 4 ft apart, each treenail passing through three of the deals. The latter were bent to the 
required form over a centre. To keep the joints perfectly tight, a layer of brown paper, previously 
dipped in boiling tar, was placed in them. The spandrils of these arches are formed of trussed 
framings. The flooring, which is of 3-in. planking over transverse beams 4 ft apart, is covered with 
a composition impervious to water. The dimensions marked pn Figs. 7298 to 7297 are metric 

On the Cornish Bailway there are numerous examples of timber viaducts tiiat axe deserving of 
a careful study. 

VICE. Fb., Etau; Geb., Schraubstock ; Ital., Moraa; Span., Tornillo. 

See HANn~Toou 

VIRTUAL VELOCITY. Fb., Vitesse virtudle; Ges., VirtueUe Geschwindigkea ; Ital., Vdodta 
virtuaie; Span., Velocidad virtual. 

Virtual velocity is a minute hypothetical displacement, or motion, assumed in analysis to facilitate 
the investigation of statical problems. With respect to any given force of a number holding a 
material system in equilibrium, it is the projection upon tlie diroction of the force, of a line joinings 
its point of application with a new position of that point conceivt-d to be taken indeflnitdy near 
to the first, and without disturbing the equilibrium of the system, or the connection of its parte 
with each other. The principle of virtual velocities is the law that when several forces are in 
equilibrium the algebraic sum of their virtual moments is equal to ziro. The virtual moment of 
a force is the product of the intensity of the foroo multiplied by the virtual velocity of its point 
of application. 

VIS VIVA. Fb., Force vive; Geb., Lebendige Kraft; Ital., Forza viva; Span., fSierza viva. 

Living force, or vis viva, is the force of a body moving against resistance, or doing work, in 
distinction from vis mortua^ or dead force. It is expressed by the product of the ma&i of a body 
multiplied by the square of its velocity. The principle of vis viva is the principle that the difference 
between the aggregate work of the accelerating forces of a system and tliat of the retarding forces 
is equal to one-half the oil viva accumulated or lost in the system whilst the work is doing. The 
term vis mortita is not often used, and implies force doing no work but only producing pressure. 
Vis inertite is the resistance of matter, as when a body at rest is set in motion, or a body in motion 
is brought to rest or has its motion changed either in direction or in velocity; it also means 
inertness ; inactivity. Vis inertice and inertia are not strictly synonymous, as the fonner applies to 
the resistance itself which is given, while the latter applies merely to the property by wnidi it 
is given. 

WARMING. Fb., Chauffage; Geb., Heizung; Ital., Eiscaldaimento ; Span., Cahfaocion. 

See Ventilation. « 

WATEB-WORKS. Fb., Conduite et Distribution des eaux; Geb., Wasserbitung ; Ital., Cundotta 
di acqua potabile ; Span., Obras hidraiilicas. 

One of the primary wants of human life is a constant supply of wholesome water ; and it is a 
chief duty of the hydraulic engineer to collect and convey economically stores of water, from either 
natural or artificial reservoirs, to communities which without water could not exist Rain is the 
great source of all fresh water, and when it has fallen it presents itself in the forms of surface 
waters, rivers, streams, and natural spriugs ; but may also be obtained from wells and impounding 
reservoirs, artificially formed, or from a combination of two or more of the sources named. As it is 
useless to entertain any sclieme for supplying water without ascertcduing the composition and 
quality of all tlie waters liable to be drawn upon, a careful analysis must be made, and the purest 
available source selected. 

Analysis. — A great difficulty with water analysis is, to satisfactorily prove the sanitary effect of 
certain impiu'ities contaioed in the water,— that is, to show connection between the results of an 
analysis, and the physiological effects produced by the use of that water. This arises from oar 
knowledge of the subject being less definite tliun could be wished. Thus, the good or bad effect 
of moderately hard waters containing chalk is an open question ; and altliough waters containing 
sewage, metals, living organisms, animal refuse, or salts, in excess, are decidedly objectionable, 
waters having traces of them may be used with impunity. It is, however, generally recognized 
that water can be considered good and potable when it is fresh, clear, without odour; when its 
savour ia very weak; when it is especially neither distasteful, salt or sweetish; when it contains 
little of extraneous matters; when it is sufficiently aerated ; when it dissolves soap without fonning 
dots ; and when it cooks vegetai>les well. 

Any glass-stoppered bottle, holding two or three quarts, will serve for collecting the sample to 
be examined, care being exercised that the bottle is quite clean. In collecting £e water from a 
river or tank, the bottle should be immersed below the surface, and rinsed once or twice with the 
water ; and in taking the water from a pump or pipe a quantity should be allowed to flow away 



WATER-WOEKS. 8068 

before the sample I0 collected. The bottle in filled up nearly to the neck, and the stopper tied over 
with a piece of linen, no lating or wax being naed. 

A8 a Preliminary Examination, — Fill a fiaak of white glass with the water to be examined, and 
compare its oolonr with that of distilled water contained in a similar fliftsk. Warm some of the 
water slightly in a testrtube ; shake it, and observe if the water possesses any peculiar odonr or 
taste. Warming will often disclose the smell uf tt water when none could be noticed cold. 

A rough method of estimating the suspended matters is to pass a Imown ouaiitity of water 
through a filter paper previously washed in distilled water. The increase in uie weight of the 
filter paper gives the quantity of total suspended matter in the known volume of the water. 
Bum the paper, and weigh the ash ; then bum an unused filter paper previously ascertained to be 

Eredsely similar to that used, and also weigh its ash ; the quantity of ash in excess of that contidned 
1 the unused filter gives the amount of suspended inorganic matter in the water. 

Etiimation of the Ammonia, — ^It is desirable to proceed at once with the determination of this 
constituent, since it is the most liable to change. The method of estimation is based upon the 
fact that an alkaline solution of mercuric iodide, added to a liquid containing ammonia, produces 
a brown coloration, due to the formation of the iodide of tetramerourammonium. This test, known 
as Nessler's, is capable of detecting one part of ammonia in 20,000,000 parts of water. 

Preparation of the Nessler Test, — ^Dissolve 85 grms. of iodide of potassium in water, and add, little 
by little, a cold concentrated solution of corrosive sublimate, until the preapitate disappears on stirr'ng, 
dautiously continue the addition of the corrosive sublimate solution until a very slight precipitate 
only remains. Filter, and add to the filtrate an aqueoua solution of caustic soda, prepartd by 
dissolving 100 grms. of stiok potash in 200 cub. cent of water, and dilute the mixture ; to Ihij 
is added a tenth part of a weak solution of bichloride of mercury. The liquid should be allowed to 
stand for a short time, and a portion decanted for use. The test requires, in addition to the use 
of distilled water without ammonia, a standard solution of ammonia, containing -^ milligramme 
of ammonia to each cub. oent. of water ; and graduated glass cylinders. 

Transfer 100 c.a of the water to be tested to one of the glass cylinders ; add 1} o.c. of the 
Nessler solution, and agitate. Notice the colour, and then pour as much of the solution of 
ammonia as may be considered equivalent to it into a second cvlinder, and fill up with 100 c.c. 
distilled water; add 1} aa of Nedsler solution. Mix thorou^hiy{ and oompare the tints in the 
two cylinders. If they are about equal in intensity, the quantity of ammonia used will equal the 
ammonia in the water that is being examined. Observe whether the natural water becomes turbid 
after the addition of the Nessler test. ▲ decided precipitate is due to lime or magnesia salts, and 
indicates hardness. 

Wanklyn and Chapman are of opinion that the usual methods employed to determine 
organic matter in water are inadequate for the purpose; and in their Treatise upon Water 
Analysis, which we quote, they give a new metltod of determining nitrogenous organic matters. It 
is distinguished by ito special adaptetion to detect and estimate microscopic quantities, and appears 
to be especially aoapted to deal with the organic impurities in water. 

Most kinds of water contain ammonia, or ammoniacal salts, which either was recently, or may 
presently become, a constituent of organic matter. In addition to this, most kinds of wat^ actually 
do contain more or less nitrogenous organic matter, which furnishes ammonia eitlier on simple 
boiling with carbonate of soda, or else on boiling with permanganate of potash, in presence of 
excess of alkali. By estimating the amount of ammonia obtainable from water, noting the circum- 
stances under which it is obtained, we have a measure of the nitrogenous organic matter present 
in water. 

We have seen the wonderfbl delicacy of the means of estimating and detecting ammonia. Such 
being the character of this estimation, the great advantage of causing detemiiuations of organic 
matter to depend on measuremento of ammonia will be manifest By making these measure- 
mente of ammonia stand for measuremento of organic matter, we apply micro-chemistry to water 
analysis. 

The following is an outline of Wanklvn and Chapman's ammonia method of water analysis; — 
Half a litre of water is taken and placea in a tubulated retort, and 15 c.c. of a saturated solution 
of carbonate of so<^ added. The water is then distilled until the distillate begins to come over 
free from ammonia; that is until 50 cc. of distillate contoin less than j^ of a milligramme of 
ammonia. A solution of potesh and permanganate of potash is next added. This solution is made 
by dissolving 200 grammes of solid caustic potash and 8 grammes of crystallized permanganate 
of potash in a litre of water. The solution is boiled to expel any ammonia, and both it and the 
solution of carbonate of soda ought to be tested on a sample of pure water before being used in 
the examination of water. 50 c.c of this solution of potesh and permanganate should be used with 
half a litre of the water to be tested. 

The distillation is continued until 50 0.0. of distillato contain .less than -r^ milligramme of 
ammonia. Both sete of the distillate have the ammonia in them determined oy means of the 
Nessler test, as previously described. No matter how good the water may be, it is desirable never 
to distil over less than 100 cc. with carbonate of soda, and not less than 200 cc. after the addition 
of the potash and permanganate of potash. 

Wanklyn and Chapman give as an example of their method the following analysis of Edinburgh 

water, from Bwanston, one half-litie taken ; — 

Anunonla. 
CaKOwt MilUgnn. 

1. Distillate (carbonate of soda) 100 = '015 

2. Distillate (potash and permangaaato of potash).. .. 100 = *035 

100 = '015 

050 
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Therefore, 1 litre of Edinburgh water, from Swanston, contains O'OSO milligrm. f^ ammonia ; 
0* 10 milligrm. albuminoid ammonia ; or 1,000,000 parts contain 0*03 parts free ammonia. 0' 10 parts 
albuminoid ammonia. 

We nre indebted to Dr. Clark for a simple method of determining the degree of hardness of a 
water. It consists in ascertaining the quantity of a standard solution of soap in spirit required to 
produce a permanent lather with a given quantity of the water under examination, the result being 
expressed in degrees of hardness, each of which corresponds to one grain of carbonate of lime in a 
gallon = 70,000 grains of distilled water, of the water. The following are the particulars of Clark's 
test ; — 16 grains of pure Iceland spar, carbonate of lime, are dissoWed^ taking care to avoid loss, in 
pure hydrooliloric acid ; tiie solution is evaporated to dryness in an air-bath, the residue is again 
tedissolved in water, and again evaporated ; and these operations are repeated until the solution 
gives to test paper neitiier an acid nor an alkaline reaction. The solution is made up by additional 
distilled water to the bulk of precisely one gallon.. It is then called the standard solution of 16^ of 
hardness. Good London curd soap is duBsolved in proof spirit, in the proportion of one ounce of avoir- 
dupois for every gallon of spirit, and the solution is filtered into a weU-stoppered phial, capable of 
holding 2000 grains of distilled water ; 100 test measures, each measure equal to 10 water-grain 
measures of the standard solution of 16^ degrees of hardness, are introduced. Into the water in 
this phial the soap solution is gradually poured from a graduated burette, the mixture being well 
shaken after each solution of soap, until a lather is formed of sufficient consistence to remain for 
five minutes all over the surface of the water, when the phial is placed on its side. The number of 
measures of soap solution is noticed, and the strength of the solution is altered, if necessary, by a 
further addition of either soap or spirit, until exactly 32 measures of the liquid are required for 100 
measures of the water of 16° of hardness. The experiment is made a second and a third time, In 
order to leave no doubt as to the strength of the soap solution, and then a large quantity of the test 
may be pr^red, for which purpose Dr. Clark recommends to scrape off the soap into shavings by 
a straight sharp edge of glass, and to dissolve it by heat in part of the proof spirit, mixing the solu- 
tion thus formed with the rest of the proof spirit. 

Process for ascertaming the Hardness of Water. — ^Previous to applying the soap test it is necessary 
to expel from the water the excess of carbonic acid ; that is, the excess over and above what is 
necessary to form alkaline or earthy bicarbonatesL this excess having the property of slowly decom- 
posing a lather once formed. For this purpose, before measuring out the water for trial, it should 
be shaken briskly in a stoppered glass-botUe half filled with it, sucking out the air from the bottle 
at intervals by means of a glass tube, so as to change the atmosphere in the bottle ; 100 measures 
of the water are then introduced into the stoppereof phial, and treated witii the soap test, the car- 
bonic acid eliminated being sucked out from time to time from the upper part of the bottle. The 
hardness of the water is then inferred directly from the number of measures of soap solution em- 
ployed by reference to the subjoined Table. In trials of waters above 16^ hardness, 100 measures dt 
distilled water should be added, and 60 measures of the soap test dropped into the mixture^ provided 
a lather is not formed previously. If at 60 test measures of soap test, or at any number of such 
measures between 32° and 60°, the proper lather be produced, then a finul trial may be made in the 
following manner ; — 

100 test measures of the water under trial are mixed with 100 measures of distilled water, well 

agitated, and the carbonic acid sucked out ; to this mixture soap test is added, until the lather is 

produced. The number of test measures required is divided by 2, and the double of such decree 

will be the hardness of the water. For example, suppose half the soap t^ that has been required 

correspond to 10,^^ degrees of hardness, then the hardness of the. water under trial will be 21. 

Suppose, however, that 60 measures of the soap test have fietiled to p]X)duce a lather, then another 100 

measures of distilled water are added, and the preliminary trial made, until 90 test measures of soap 

solution have been added. Shonld a lather now be produced, a final trial is made, by adding to 100 

test measures of the water to be tried 200 test measures of distilled water, and the quantity of soap 

test require^ is divided by 8 ; and the degree of hardness corresponding with the tnird part being 

ascertaiaed by comparison with the standard solutions, this degree multiplied by 8 will be the hard- 

85'5 
ness of the water. Thus, suppose 85*5 measures of soap solution were required, -^— = 28'5. and 

3 

on referring to the Table, this number is found to correspond to 14°, which, multiplied by 3, gives 

42° for the actual hardness of the water. 

Table or SoAF-TE9r Meabubes cmbkebpondino to 100 Test Measures of each 

Standard Solution. 
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MainfaU,^''BtSn is of all meteorologioal phenomena the most capriciotu, both as regards its 
freanenoy and the amount which falLi in a given time. In some places it rarely or never falls, 
whilst in others it rains almost every day ; and there does not yet exist any theory from which a 
probable estimate of the rainfall in a given dUtrict ean be deduced independently of direct obeer- 
vation. But although dealing with one of the most capricious of the elements, we nevertheless find 
a workable avenge in the quantity of rain to be expected in any particular place, if careful and 
continued observations are made with the rain-gauge. O. J. Symons, the meteorologist, to whose 
oontinned investigations we are indebted for our most reliable data upon the subject of rainfall, gives 
the following practical instructions for using a rain-gauge ; — 

^'The mouth of the gauge must be set quite leve^ and so fixed that it will remain so; it should 
never be less than 6 in. above the ground, nor more than 1 ft., except when a greater elevation is 
absolutely necessary to obtain a proper exposure. 

" It must be set on a level piece of ^und, at a distance from shrubs, trees, walls, and buildings, 
at the very least as many feet from their base as they are in height. 

*' If a thoroughly clear site cannot be obtained, shelter is most endurable from N.W., N., and R, 
less so from S., S.E., and W., and not at all from S.W. or N.E. 

" Special prohibition must issue as to keeping all tall growing flowers away from the gauges. 

" In order to prevent rust, it will be desirable to give the japanned gauges a coat of paint every 
two or three years. 

** The gauge should, if possible, be emptied daily at 9 a Jf ., and the amount entered against the 
previous day. 

** When making an observation, oare should be taken to hold the glass upright 

" It can hardly be necessary to give here a treatise on decimal arithmetic ; suffice it therefore to 
say that rain-gauge glasses usually hold half an inch of rain (0*50), and that each y^ (O'Ol) is 
marked ; if the fall is less than half an inch, the number of hundredths is read off at onoe, if it is 
over half an inch, the glass must be filled up to the half inch (0*50), and the remainder (sav 0-22) 
measured afterwards, the total (0-50 + 022^ = 0*72 being entered. If lees than -.^ (0*10) has 
fallen, the cypher must always be prefixed ; thus if the measure is full up to the seventn line, it must 
be entered as 0*07, that is, no inches, no tenths, and seven hundredths. For the sake of oleamess 
it has been found necessary to lay down an invariable rule that there shaU always be two figures to 
the right of the decimal point. If there be only one figure, as in the case of one-tenth of an inch, 
usually written O'l, a cypher must be added, making it 0*10. Neglect of this rule causes much 
inconvenience. 

*' In snow three methods may be adopted— it is well to try them all. 1. Melt what is caught in 
the funnel and measure that as rein. 2. Select a place where the snow has not drifted, invert the 
funnel, and turning it round, lift and melt what is enclosed. 8. Measure with a rule the average 
depth of snow, and take one-twelfth as the equivalent of water. Some observers use in snowy 
weather a cylinder of the same diameter as the rain-gauge, and of considerable depth. If the wind 
is at all rough, all the snow is blovm out of a flat-funnelled rain-gauge." 

A drainage area is almost always a district of country enclosed by a ridge or watershed line, 
oontinuous except at the place where the waters of the basin find an outlet It may be, and generally 
is, divided by branch ridge-lines into a number of smaller basins, each drained by its own stream 
into the main stream. In order to measure the area of a catchment basin a plan of the country is 
required, whioli either shows the ridge-lines or gives data for finding their positions by means of 
detHohed levels, or of contour lines. 

When a catchment basin is very extensive it is advisable to measure the smaller basins of whioh 
it consists, as the depths of rainfall in them may be different ; and sometimes, also, for the Nime 
reti^on, to divide those basins into portions at different distances from the mountain chains, where 
rain-clouds are chiefly formed. 

The exceptional cat$es, in which the boundary of a drainage area is not a ridge-line on the surface 
of the country, are those in which the rain-water sinks into a porous stratum until its descent is 
stopped by an impervious stratum, and in which, consequently, one boundary at least of the drainage 
area depends on the figure of the impervious stratum, being, in fact a ridge-line on the upper 
surfiMse of that stratum, instead of on the ground, and very olten marking the upper edge of the 
outcrop of that stratum. If Uie porous stratum is partly covered by a second impervious stratum, 
the nearest ridge-line on the latter stratum to the point wliere the porous stratum crops out will be 
another boundary of the drainage area. In order to determine a draina^ area under these circum- 
stances it is necessary to have a geological map and sections of the district 

The depth of rainfall in a given time varies to a great extent at different seasons, in different 
years, and in different pliioee. The extreme limits of annual depth of rainfall in different parts of 
the world may be held to be respectively nothing and 150 in. The average aimual depth of rain* 
fall in different parts of Britain ranges from 22 in. to 140 in., and the least annual depth recorded 
in Britain is about 15 in. 

The rainfall in different parts of a given oountry is, in general, greatest in those districts which 
lie towards the quarter from whioh the prevailing winds blow ; in Great Britain, for instance, the 
western districts have the most rain. Upon a given mountain ridge, however, the reverse is the 
case, the greatest rainfall taking place on that side which lies to leeward, as regards the prevailing 
winds. To the same cause may be ascribed the fact that the rainfall is greater in mountainous than 
in fiat districts, and greater at points near high mountain summits than at points farther from 
them^ and the difference due to devation is oft^ greater by far than that due to one hundred miles 
geographical distance. 

The most important data respecting the depth of rainfall in a given dfstriot, for practical 
purposes, are, the least annual rainfall; mean annual rainfcill; greatest annual rainfall; distri- 
bution of the rainfall at different seasons, and, especiallv, the longest oontinuous drought; greatest 
flood rainfitll, or continuous &11 of rain in a short period 
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Tlie aTEilable rainiall of a district is that part of the total rainfall whioh remkins to be storod 
in reservoirs, or carried away by streams, after deducting the loss throngh eyapoiatiun, through 
permanent absorption by plants and by the ground, and other causes. 

The proportion borne oy the available to the total rainfall Tories very much, being affected by 
the rapidity of the rainfall and the compactness or porosity of the soil, the steepness or flatness of 
the ground, the nature and quantity of tne vegetation upon it, the temperature and moisture of the 
air, the existence of artificial drains, and other oircmnstances. The following are examples ; — 

Available BafaolkU 

Oroand. *t- 

Total Rainfall. 

Steep surfaces of granite, gneiss, and slate, nearly 1 

Moorland and hilly pasture from '8 to '6 

Flat cultivated country from *5 to *4 

Chalk 

Deep>seated springs and wells give from '8 to '4 of the total rainfalL 

Such data as the above may be used in roughly estimating the probable available rain&ll of a 
district ; but a much more accurate and satisfactoiy method is to measure the actual discharge of 
the streams at the same time that the rain-gauge observations are made, and so to find the actual 
proportion of available to total rainfall. 

The following Table gives the mean annual rainfall in various parts of the world. 

Tablx of Baiktall. Collected by O. J. Bymons. 



Ooontiy and Station. 



EUROPE. 

Austria — Cracow 

Prague 

Vienna 

Belgium — ^Brussels .. 

Ghent .. .. ... 

Louvain 

Denmark — 

Copenhagen . . 
Fbancb — Bayonne . . 

Bordeaux 

Brest 

Dijon 

Lyons 

Marseilles 

Hontpelier 

Nice 

Paris 

Pau 

Rouen 

Toulon 

Toulouse 

Gbeat Britain — 

England, London .. 
„ Manchester 
„ Exeter . . 
„ Lincoln- .. 

Wales, Cardiff 
„ Llandudno . . 

Scotland, Edinburgh 
„ Glasgow . . 
„ Aberdeen 

Lreland, Cork . . 
„ Dublin .. 
„ Gal way .. 
Holland — ^Rotterdam 
Iceland — Reikiavik 
Ionian Isles — Corfu . . 
Italy— Florence 

Milan 

Naples 

Rome 

Turin 

Venice 

Malta 

Norway — Bergen .. 

Christiania .. 



Period 
ofObser* 
vationa. 



Latitude. 



yean. 

5 
47 
10 
20 
13 
12 

12 
10 
82 
dO 
20 

• • 

60 
51 
20 
44 
12 
10 

• • 

52 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

■ • 

5 
22 

8 
68 

8 
40 

4 
19 

• • 

10 



50 4N 
50 5 
48 12 

50 51 

51 4 

50 33 

55 41 

43 29 

44 50 
48 23 

47 14 

45 46 
43 17 
43 36 
43 43 

48 50 
43 19 

49 27 
43 4 
43 36 

51 31 
53 29 

50 44 
53 15 

51 28 
53 19 
55 57 
55 52 
57 8 
51 5i 
53 23 
53 15 
51 55 
64 8 

39 37 
43 46 
45 29 

40 52 

41 53 
45 5 
45 25 
35 54 
60 24 
59 54 



Mmn 

Annnal 

Fall. 



ina. 



33 
15 
19 

28 
30 
28 

22 
56 
32 
38 
31 
37 
19 
30 
55 
22 
37 
33 
19 
24 

24 
36 
33 
20 
43 
30 
24 
39 
31 
40 
30 
50 
22 
28 
42 
35 
38 
39 
30 
38 
34 
15 
84 
26 



1 
1 
6 
6 
6 
6 

3 
2 
4 

8 
1 


3 
2 
9 
1 
7 
7 
9 















4 
9 

3 
9 
6 
1 

8 
7 



Oountiy and Station. 



Period 
ofObser- 
vatlmiB. 



Latitode. 



•^ 



EUROPE— continued. 
Portugal — 

Coimbra (in vale oi 
Mond^go) .. 

Lisbon .. 
Prussia— Berlin 

Cologne 

Hanover 

Potsdam 

Russia — 

8t. Petersburg 

Archangel 

Astrakhan 

Finland, Uleaborg . . 
Sicily— Palermo 
Spain— Madrid .. .. 

Oviedo 

Sweden — Stockholm 
Switzerland— G encva 

Great St. Bernard . . 

Lausanne 

ASIA. 

China- Cantcm .. .. 

Macao 

Pekin 

India — 

Ceylon, Colombo .. 
,, Kandy 
„ Adam's Peak 

Bombay 

Calcutta 

Cherra^ngee . . 

Darfeelmg 

Madras 

Mahabuleshwur . . 

Malabar, Tellicherry 

Palamcotta . . 

Patna 

Poonah 

Malay — Pulu Penang 

Singapore 
Persia— Lenooran . . 

Ooroomiah 
Russia — Bamaonl .. 

Nertohinsk .. •. 



yean. 
2 

20 

6 
10 

8 
10 

14 
1 

4 
. . 
24 

• • 

1 

8 
72 
43 

8 



14 

. « 
7 



83 
20 



22 
15 

• • 

5 

• e 

4 



8 

1 

15 

12 



O I 

40 13N 

88 42 
52 SO 
50 55 
52 24 
52 24 

59 56 

64 32 
46 24 

65 
38 8 
40 24 
43 22 
59 20 
46 12 

45 50 

46 80 



Mean 

Annual 

FalL 



23 6 
22 24 
89 54 

6 56 

7 18 
6 50 

18 56 
22 35 
25 16 
27 3 
13 4 

17 56 
11 44 

8 80 
25 40 

18 80 
5 25 
1 17 

38 44 
37 28 
58 20 
5i 18 



las. 

224 0? 

23-0 
23-6 
240 
22-4 
20*3 

16-2 
14-5 

61 
13-5 
22-8 

9-0 
111-1 
19-7 
31-8 
58-5 
38-5 



69-3 
68-3 
26-9 

91-7 
84-0 

100-0 
84-7 
66-9 

610-3 

127-3 
44-6 

254*0 

116-0 
21 
36 
23 

100' 

190-0 
42-8 
21-5 
11*8 
17-5 



1 
7 
4 
-5 
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Tabu or UATsrAUj-^eontknied. 



Ooantfj and StatiML 



Period 

lofOtaer- 

▼aUona. 



ASlA'—continudd, 

&U88IA — Okhotsk 
Tiflis .. .. 
Tobolsk .. .. 

TURKXT — 

Paleetine, Jerusalem | 
Smyrna 

AFRICA. 

Abtbbikia— Gondar .. 
Algbbia— Algiers 

Coustantiiia .. 

Moiitagauem .. .. 

Oraa 

AflCBNSION 

Cafi Oolont — 
Gape Town 

OmNBA— 

Christiansborg 
Madeira .« 
MAUBiTirs^Port Louis 
Natal — Marltzburgh 
8t. Helena 
SiBRBA Lbonb .. 
TEKEumn 

NORTH AMERICA. 
Bbitish COLI mbia — 
New Westminster . . 
Canada — 
MoiitrealfSt. Martin's 

Toronto 

Honduras — Belize .. 
Mexico— Vera Cruz .. 
Russian Ambuiga — 

8itka 

United States— 
Arkam as, Fort Smith 
GalifomiaiSan Fran- 

cissoo . . 
Nebraska, Fort^ 

Ktarny ../ 

New Mexico, Sooonro 
New York, We»t\ 

Point / 

Ohio, Cincinnati .. j 

Pennsylvania, Phila-V 

delphia ../ 

South Carolina,y 

Charlestown ../ 

Texas, Matamoras . . 

Webt Indies— Antigua 

Barbadoes 

„ St. PliUip 
Cuba, Havannah .. 



jvan. 

2 

6 
2 

14 
3 



10 

• • 

1 
2 
2 

20 



1 



8 

• • 

2 



8 

2 

16 



7 

15 
9 

6 

2 

12 

20 

19 

15 
6 

10 

20 

2 



LaUtnde. 



59 13 N 
41 42 
58 12 

31 47 
31 ^7 
38 26 



12 86 
36 47 
36 24 
35 50 
35 50 
8 8S 

33 52 

5 30N 
S3 30 
20 38 
29 36 
15 55N 

8 30 
28 28 



49 12 

45 31 
43 39 
17 29 
19 12 

57 8 

35 23 
37 48 

40 38 
34 10 

41 23 
39 6 
39 57 

32 46 

25 54 
17 3 
13 12 
13 13 
23 9 



Mean 

Annual 

FalL 



ioa. 

35-2 
19-3 
230 

650? 

IG'3 

27-6 



37-3 
37-0 
30-8 
220 
22- 1 
11-5 

24-3 

19 2 
30 9 
35-2 
27-6 
18-8 
86-0 
22-3 



5i I 

47-3 

31-4 

153 

66-1 

89*9 

42- 1 
23*4 

280 
7-9 
46*5 
46-9 
43*6 

48*3 



35 

39 

75 

561 

50-2 



2 
5 




I' 



Country and Station 



Period 
ofObaer 
vsUona. 



N. AMERICA— cwO. 

W. Indies — Matanzas 

Grenaila 

Ouadaloupe, Basse- 1 

terre / 

Guad<iloupe,Matonba 
Jamaica, Camib 

„ Kingstown 
St. Domingo, Cape^ 

Uaitieii . . j 

St. Domingo, Tivoli 
Trinidad 
Vinjin Isles, St.\ 

Thomas' . . / 

Virgin Isles, Tortola 

SOUTH AMERICA. 
Brazil — Rio Janeiro . . 

S. Luis de Maranhao 
Guyana — Cayenne .. 

Demcrara, George\| 
Town f 

Pitrimeribo .. ,. 
New Granada — 

La Baja .. .. ,. 

Marmato 

Sunta Fe do Bogota 
Venezuela — Cumona 

Cura^oa 



AUSTRALIA.. 
New South Wales — 

Bathurst 

Doniliquin 

Newcastle 

Port Maoquarie .. 

Sydney 

New Zealand — 

Auckland 

Christchurch .. 

Nelson 

Tarunaki 

Wellington 
South Australia— 

Adelaide 

Tasmania — 

Uobart Town . . 
Victoria — Melbourne 

Port Phillip .. .. 
West Austbalia — 

Albany 

York 

P0LYNE8LA 

Society Islands^ 
Tahiti, Papiete 



yvara. 
1 



6 
5 



6 

15 

6 



3 
2 
3 
12 
6 

2 
3 
2 
2 
2 

6 

12 

6 

11 



LatitDde. 



Mean 

Annual 

FalL 



23 2 N 55*8 
12 8 126'0 



16 5 



16 
18 



5 
3 



17 58 

10 43 

19 
10 40 

18 17 
18 27 



126*9 

285-8 
97*0 
83*0 

127-9 

106*7 
62*9 

60-6 

651 



22 54S 58*7 
8 276*0 
4 56Ni38-3 



6 50 

6 

7 22 
5 29 
4 36 

10 27 
12 15 



[ 87*9 
229*2 

54-1 

90*0 

43-8 

7*6 

26*6 



33 24S 

35 32 

32 57 
31 29 

33 52 

36 50 
43 45 
41 18 
39 3 

41 17 

34 55 

42 54 

37 49 

38 30 

35 
31 55 



17 32 



22*7 
13-8 
55-3 
70*8 
46*2 

31-2 
31*7 
38*4 
52*7 
37*8 

19*2 

20*3 
30*9 
29*2 

32*1 
25*4 



45*7 



Springs, — Everyone is familiar with the fact that certain porous soils, such as loose sand and 
gravel, absorb water with rapidity, and that the ground composed of them soon dries up after heavy 
showers. If a well be sunk in such soils, we often penetrate to considerable depths before we meet 
with water ; but this is usually found on our approaching some lower part of tne porous formation 
where it rests on an impervious bed ; for here the water, unable to inake its way downwards in a 
direct line, accumulates as in a reservoir, and is ready to oose out into any opening which ma^ be 
made, in the same maimer as we see the salt water filtrate into and fill any hollow which we dig in 
the sands of the shore at low tide. A spring, then, is the lowest point or lip of an underground 
reservoir of water in the stratification. A well, therefore, sunk in such strata will most probably 
furnish, besides the volume of the spring, an additional supply of water. * 

The transmisBion of water through a porous medium bemg so rapid, we may easily understand 

9 I 
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why springs are thrown out on the side of a hill, where the upper set of strata oonflist of chalk, sand, 
or other permeable substances, while the subjacent are composed of clay or other retentive soils. The 
only difticulty, indeed, is to explain wtiy the water does not ooze oat everywhere along the line of 
junction of the two formations, so as tu form onu continuous lundnsoak, instead of a few springs only, 
and thefae oftentimes far distant from each other. The principal cause of such a oouoentration of 
the waters at a few points is, first, the existence of inequalities in the upper surface of the imper- 
meable stratum, which lead the water, as valleys do on the exttmal surface of u country, into certain 
low levels and channels, and, secondly, the frequeucy of rents and fissures, which act as natural 
drains. Tiiat the generality of springs owe their supply to the atmosphere is evident from this, that 
they vary in the ditferent seasons of the year, becoming languid or entirely ceasing to flow after long 
droughts, and being again replenished after a continuance of rain. Many of them are probably 
indebted for the constancy and uniformity of their volume to the great extent of the subterrsincan 
reservoirs with which they communicate, and the time required for these to empty themselves by 
peroolation. Such a gradual and regulated discharge is exhibited, though in a less perfect degree, 
m all great lakes, for these are not sensibly afieoted in their levels by a sudden shower, but arc only 
slightly raised, and their channels of efflux, inbtead of being swollen suddenly like the bed of a 
torrent, carry off the surplus water gmdually. 

Among the causes of the failure of Artesian wells, «we may mention those numerous rents and 
fitults which abound in some rocks, and the deep ravines and valleys by which many countries are 
traversed; for, when these natural lines of drainage exist, there remains a small quantity only of 
water to escape by artificial issues. We are also liable to oe baffled by the great thickness either 
of porous or impervious strata, or by the dip of the beds, which may carry off the waters from 
adjoining high lands to some trougli in an opposite direction, — as w4ien the borings are made at 
the foot of an escarpment where the strata incline inwards, or in a direction (tpposite to the face 
of the cliffs. 

The mere distance of hills or mountains need not discourage Ufi from making trials ; for the waters 
which fall on these higher lands readily penetrate to gresit depths through highly-inclined or vertical 
strata, or through the fissures of shattered rocks ; and after fiowiui^ for a great distance, must often 
reascend and be brought up again by other fiyssures, so as to iipproach the surface in the lower 
country. Here they may be coucealea beneath a covering of undisturbed horizontal beds, which it 
may be necessary to pierce in order to reach them. It bhould bu remembered that the course of 
waters flowing under groun4 bears but a remote resemblance to that of rivers on the surface, there 
being, in the one ouse, a constant descent from a higher to a lower level from the source of the 
stream to the sea; whereas, in the other, the water may at one time sink far below the level of the 
ocean, and afterwards rise again high above it. 

Store Bescrvoirs, — The purpose of a store reservoir is to contain a sufficient quantity of the excess 
of rainfall in wet beasons, to allow the supply to be kept up uninterruptedly thioughout the year. 
Thus the capacity of such a reservoir will be determined by the available annual rainfall, and the 
annual service demand. On both these questions much difference of opinion exists, and ounaa- 
quently we find no uniformity in the practice of engineers. Even in chicb where the same baaos 
have been adopted in calculating the available rainfall and the average daily consumption, there 
is a want of uniformity in estimating the storage room required. We learn from Beardmore'a 
Hydraulic Tables that the oapucity of existing store reservoirs varies from one-third to one-half the 
available annual rainfalL and that the quantity stored varies from 120 to 180 days' supply. The 
longest drought observed in England histed 105 days, and as such a drought is never likely to 
be exceeded in duration, it would seem that 120 days' supply would in every case be amply sufficient. 
But in calculating contingencies, it must be borne in mind that the drought may begin when the 
reservoir is half empty. Moreover, the loss of water by evaporation in hot, dry weather is very 
great, a fact that is usually under-estimated. Instances have occurred where a storage of 150 day^ 
supply has proved insufficient. But on the other hand, it should not be forgotten that during a 
season of drought the supply to the reservoir does not cea&e altogether ; at letist, such is not the case 
until the drought has lasted for a considerable time. If tliis fact be estimated at its true value, it 
will be found that, provided there be no extraordinary circumstances to take into account, 120 daya^ 
demand will be sufficient. Except at the end of a prolonged dry season, there is, even in the driest 
weather, a flow of about one-fourth of a cubic foot a second from every 1000 acres of the waterslied, 
and tills gives a supply of 130,000 gallons in the twenty-four hours. In the cases alluded to in which 
a larger storage was found to be insufllcient, tiie demand was probably under-estimated. 

In calculating the capacity of a reservoir, there must always be a certain space left below the 
lowest working level that is not available for btorage. The use of this spice, or bottom as it is 
termed, is to collect the sediment from the water. No rule for the volume of the bottom can be 
deduced from existing examples, for here again we find a total want of uniformity. Some engineers 
give a depth equal to one-sixth of the total de|th of the water at the deepest part of the reservoir ; 
but it is difficult to discover on what basis such a calculation rests. The object being to allow 
a depth of still water above the bottom for the purpose of preventing sediment from being drawn oit, 
this end would probably be best attained by allowing such a depth that at the lowest working level 
no portion of the bed at a distance of 3 ft*, from the water's edge shall be less tlian 6 in. from the 
surface. 

When the capacity of the reservoir has been determined, its dimensions will depend mainly on 
the character of the site. Depttt is essential to the purity of the water, for in fallow water the 
growth of plants is very rapid. Moreover, as evaporation depends upon the extent of burface 
exposed, the loss from this cause will be less as the depth is increased. For these, reaaona, a 
reservoir should always possess considerable depth. -« 

In selecting the site of a reservoir, the chief things to be considered are the elevation, and the 
configuration of the ground. The elevation must be such that from the lowest water-level ttiere 
shall be a sufficient fall to provide for the highest point to be supplied and the highest point over 
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which the water has to be cooTeyed, and that above the top water-lerel there ahall be a gathering 
ground of eoffident extent to fumiflh the requisite Quantity of water. The configuration of the 
ground^ is^ a matter of great importance. The site wnich in this respect is the most suitable for a 
reservoir is a valley, across tlie outlet of which an embankment may be thrown, for in such a case 
onlv one side is artificial. It is not often, however, that these fuvourable conditions are to be met 
witi). Very little guidance can be given in this matter ; it must be left to the skill and judgment 
of the engineer to make the be»t use of the natural features with which he has to deal. When the 
site and the dimensionB iiave been fixed upon, a plan should be prepared with a sufficient number 
of contour lines to allow the capacity of the reservoir to be calculated for every foot in depth ; for 
when this in known, a vertical scale fixed in it will at once show the actual contents at any moment. 
Another important matter connected with the choice of a site is the nature of the soil. It is obvious 
that unless the stratum forming the bottom and sides of the reservoir be an impervious one, it will 
not rotain the water. Very freouently the stratum forming the surface is permeable, and in such 
a case it is necessary to make oorings to ascertain where an impervious one is to be met with, 
because at whatever depth this may be situate, the embankment must be carried down to it It is 
also reouisite to make several borings within the limits of the reservoir, in order to discover any 
permeaole strata that may crop out ; for such strata would convey away the water if proper precau- 
tions were not taken to prevent it. The engineer should also ascertain where fitting materials may 
be obtained for the embankment, and especially the puddle-wnlls. 

The selection of the site of the embtmkment is a matter of the greatest importance, and one 
that tests the knowledge and ability of the engineer more perhaps than any other connected with 
reservoir construction. A bad selection may entail enormous lahour and expense, and even then 
lead to failure. Instances might be cited in which the work has been abandoned after a great 
outlay had been incurred. Too much attention caimot be devoted to an examination of the site 
previous to commencing operations, and every information bearing directly or indirectly upon the 
question should be diligently sought after. The figure of the ground must be determined with 
accuracy by making, not only a longitudinal section along the centre line of the propr<sed embuik- 
ment, but several cross-sections taken at suitable points. The former will be a cross-section of the 
Valley, and will show the nature, form, and position of the impervious stratum, which must be 
unbroken from one side of the valley to the other, and roust rise on both sides above the top water- 
IcveL To enable these sections to be made, it will be necessary to sink numerous trial shafts, both 
along the line of the embankment and on each side of it. In no case should these practicaJ tests be 
omitted, for the appearance of the ground at the surface is very dtceptive, and ironly one or two 
borings are made a fault may be missed. Unless the nature of the ground be accurately determined 
by these means, no reliable estimate of the cost can be mada- It is very im^wrtant that the sinking 
of tlie trial shafts should not be suspended as soon as water-tight Material is met with, for the 
stratum may be of insufficient thickness or broken by fissures and faults, in which cases the 
permeable strata beneath will carry off the water, when such a case occurs, the sinking must 
DO carried on till another and more satisfactory stratum is reached. Also if the outcrop of a 
permeable stratum has been discovered in the bed of the reservoir, it must be clearly ascertained that 
the sinking for the foundation of the puddle-wall of the embankment has been carried through such 
stratum, as otherwise the water would be carried off by il beneath the embankment. £i some 
localities, where the pitch of the strati is high, this latter condition mi^ht require the puddle-ditch 
to be carried down to a very great depth; and in such a case it might be more practicable to 
remove the permeablo material at the outcrop for a few feet in depth, and to fill the excavation wiUi 
puddle. 

The best material for the foundation of a reservoir emlmnkment is day, and the next compact 
look free from fissures. In preparing the foundation, all porous materials, such as sand, gravel, 
and fissured rock, should be carefully removed, as well as all materials that are not sufflcienUy 
strong to carry the weight of the embankment Before the excaviition for the puddle-trench is 
begun, the thickness of the puddle- wall at the surface of the ground must be detennined. As the 
pressure of the water at the foot of the wall increases with the depth, it \a usual to make the thick- 
ness depend upon the height. But as it is unnecessary to make tnis thickness proportionate to the 
pressure, we find a want of uniformitv in the practice of engineers. A batter of 1 in 8 or 1 in 12 on 
both sides of the wall is the rate of mcrease commonly adopted ; but the thickness of the wall at 
the top of the embankment varies in existing examples from 3 to 10 ft. It is certain that a puddle- 
wall 3 ft thick at the top, and having a batter of 1 in 12, is sufficient to prevent filtration of the 
water so long as the wall remains in a sound condition ; but in so thin a wall there is danger of 
cmcks and fissures being caused by unequal settlement The extreme tliickness of 10 ft. is 
evidently greatW in excess. A p:ood rule would be to make the top thickness 5 or 6 ft., according 
to the quality of the puddle, and in every ease to nve a batter on both sides of 1 in 12. When the 
thickness of the wall at the surface of the ground has been determined, the puddle-trench may be 
commenced. Here the usual practice is to make the trench diminish in width downwards, in the 
same proportion as the puddle-wall diminishes above tiie surface upwards. There Is, however, no 
sufficient reason for this decrease in thickness below the surface ; on the oontrary, as the ground on 
the up-stream side ia completely saturated with water, the pressure on the puddle increases with the 
depth of the trench, and theoretically therefore the thickness of the wall should increase to the 
bottom of the trench. But such a design would lead to great practical difficulties, for the ground 
would not stand if undermined for the trench in that way, however strong the timbering might be. 
A similar objection lies against the common practice of making the width of the trench diminish 
in depth. It is difficult to dress the sides of a deep trench to a steep batter, and still more difficult 
to timber it effectively. And if we take into aocount the extra labour involved in working in the 
narrow space towards the bottom of the trench, we must coTvolude that the plan of sinking the 
trench with perpendicular sides, and thus keeping the puddle of the same thickness from the suface 
of the ground to the bottom of the trench, is the most economical that can be adopted. 

9 I 2 
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Oara miut be takea to prorent injur; from sprinps liaug nndor the fasae of the ei 
Fiamras through which water UuneB mky be calked with oakum, or, if large, ploggad with woodeu 
or iron plugi. If water rises from the bottom of the trench, it will be neceioaiy to link below it. 
When the rook is verj wet, Btnmg concrete aliould be used to fill ap the bottom portion of the trench. 

The puddle used should coagist of strong, tough da;, soft, miiy cUj being quite uuBuitsble. 
Greet core should be tnkeii that it make a perfeollj water-ti^'bt joint with tlie bottom of the trench. 
To isiiaute this when the tbundatioD is soli^l rock, the latter is oommonly cut into grooTei or slepa 
ranniDg parallt^l with the centre line of the embankmeot. When the trc^Dch has BeeEi filled up to 
the Burfaoe of the giouod, the embunktuent ma; be commenced. The oonslmction of theae 
embenkmentH has been fully deacribed in oar article on Rivera, to which we refer our readen. It 
iirk, however, that when a pudiili>wall is used, it should be supported on both 



■ideffl^a walluf thuBame thickness of atrong and carefully-aelccted materials. All soft mutetial 
alioald be removecl from the site of the embankment, and if the site be on sidelong ground, it 
ahould be carefully benched and levelled. The water slope ii usually 1 to S, and is protected by 
■lone [atohing in the way deacribed in the article referred to above. BometiDiee a wall of 
masonry Is used inrtoad M an embankment. Such walls have been described ondet Dama antl 
Betainiog Walls. 

PrevioBs to the &ilai« of the Dole Dyke at Sheffletd in 1B61, the outlet wm geueratly by a 
cnlvert aoder the embankment This culvert contained a pipe or pipea which passed tbtongh a 
water-tight stepping in the culvert, and it was of nifflcient dimensinns to admit of the acoess of 
workmen. The down-stream end of the culvert whs open, and often provided with wing-walla, 
which nutained the thrust of poit of the outer slope of the embankment ; tlie np-etream eud waa 
nsoally oloeed with water-tight masonry, through which the loweit or Bcoaring outlet-pipe passed. 
In muDBKnu Instances a tower was built on the Inner end of the culvert, neat the foot of tbe water- 
liope, to contain outlet-pipffs fui drawing water from different levels, with valves and mechanism 
for opemng and sbnttiiig them. These valves wore usually only abort pipes extending thronsh 
the walls o^ the lower, and furnished with sluioee. When eo situate, the tower is reached from Uie 
top of the embiinkment by a light foot-bridge. Sometimes the tower was imbedded in Che embank- 
ment, and was then called a valve-pit. ir the reservoir was for a town water-supply, the culvert 
ooDti^ed two ontlet-pipes, one at the lowest working level, and the other on a level with the 
bottom of the reservoir. The tatter pipe is intended for scouring purposes only. This ontlet by 
onlvert is to be found in many of the existing reservoirs. It is, however, open to the grave 
objection of weakening the embankment. It is osuslly placed at the point whera the lid^t of 
the himk is greatest, and as it crosses the pnddle-trenoh, which is filled in with a soft, yielding 
material, that sinks away from it in time from settlement, it is liable to fracture. Even when an 
arch is thrown over the trench to give snppoit to the culvert, (be puddle is weakened by being 
pierced, and the settlement of the whole emI>ankmont ia seriously interfered with. 

Since the accident above referred to, the cnWert has been abandoned in CiTOnr of a tnnncl 
driven romd one end of the em- 



(hett 

a valve-i__. . 

line with the pnddle-trenoh from 
the tunnel to the surfaoe of the 
ground. The tunnel at the bottom 
of the ^aft ia in some cases filled 
np with a plug or stopping of 
kater-tight masonry, the dkamber 
at the junction of the tunnel and 
the shaft being made somewhat 
larger than the rest of the tunnel . 
to allow the plu){ging lo be well 
keyed into the sidM. The outlet- 
pipes and valves are inserted in 
this stopping. There are two out- 
let-pipes, as in the culvert, and it 
has been reoomminded that eaoh 
sboulil be provided with two valves, 
crae of wbich should consist of a 
pipe extending to the top of the 
abaft, and furnished with grooves ' 
capable of receiving an ordinnrv 
bluioe or paddle. Tliis paddle 
could thus be bwered into the 
outlet-pipe in front of the other 
valve, which might be of the ordi- 
nary spindle kind, and in the event 
of an accident to the latter the 
paddle could be lowered, and the , 
valve Uken out and repaired, tlie 
supply in the meantime being 
continued through the other pipe. The portion of the tunnel between the valvM and the rtaervoir 
ahould be lined with brick to prevent detached plecw of rock ftom dnpping and being carried to 
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One of the inlet-elaioes used at the Glasgow Wateivworks is shown in Fif^s. 7299 to 7301. The 
water is first admitted from the look into a basin 55 ft. long by 40 ft. wide inside, throagh three 
cast-iron sluices each 4 ft square. Across the middle of the basin is fixed a line of strainers, to 
keep fiiih and floating objects from passing into the aqueduct from the look. The cast-iron slnice- 
plato F is faced with brass and works against brass £aces on the cast-iron frame O, which is securely 
let into the masonry and is furuiabed with guides to keep the sluice F in its place. The sluice is 
raised and lowered by means of the iron screw H working in a brass nut, the screw being turned 
by a crank and bevel-wheels at top. 

The overflow or waste weir is esaential to the safety of every reservoir. It is a weir at such a 
level and of such a length as to be capable of discharging from the reservoir the greatest flood 
discharge of the streams which flow iuto it. Knowing this discharge, and allowing a maximum 
depth of say 6 in. over the weir, the length of the latter may be easily calculated. The weir should 
be built of ashlar or square hanmier- dressed masoniy. Instead of a weir, what is known as a 
waste pit is in some cases used ; this is a tower rising through or near the embankment to the top 
water-IeveU into which the waste water falls, and is carried nway by a culvert at ihe bottom. But 
as such a tower can seldoni have a sufficient extent of overfall, tiie safety it afibrds is questionable. 
The water that flows over the waste weir is cundocted away to the natural water-course by a 
by-wash or diannel. This by-wabh may -be much narrower than the weir, as the water may iow 
through it with an increased tiepth. In uU cases the by-wash should be cut round the end of the 
embankment, and not brought over the embankment itself. Sometimes it ia cut to take the flood 
waters without allowing them to pass into the rebervoir, and this plan is preferable for several 
reasons. Usually the waste weir is segmental in form, and a fall of 1 or 2 fr. is allowed on 
the down-stream side. To prevent too great a velbcity in the channel by which tlie water is con- 
veyed to the natural course, the channel should be carried along level lor some distance fh>m the 
reservoir. Somu engineers break the floor occasionally by steps. When steps are used, the faU 
should not be more than 9 in., and the tread of ihe step should be equal to at least twice the 
fall. Near the reservoir, a layer of concrete should be placed under the bottom of the by-wash. 
Further information on these mattivs will be ibimd under the head of Weirs, in the article on 
Bivers. 

The following Table, by N. Beardmoro, ftumishes reliable data for estimating tiie stonge room 
required; — 

Wateb Supply asd Draimaqb Abbas 

Bequired for various Amounts of Population, at different Rates of Supplv, with a Guide to the 
Cubic Contents of Reservoirs, where that method of Supply is adopted. 



Dlacharge Reqatred. 


Nmnbar of Population. 


GatheriDgGroimd 
Keqaired. 


Beaenroir 
Bequired. 


Cubk Feat 
amJnnteu 


QaUons 
a day. 


At 30 Gallons 
a Head a daj. 


At40OaIlona 
a Head a day. 


At 50 GalloDs 
a Head a day. 


WtthStnam 
delivering 
8 cub. ft. to 

etch eq. mile. 


With 13 In. of 
Rabiayear, 
or 63 cub. fu 
a mliiutff to 
each sq. mile. 


Holding r 

Water fbr 

4 Months, at 

53 cub. ft 

a minute. 


oabift. 


mlUlona. 


No. 


No. 


No. 


eq.mika. 


aq. mllea. 


cub. ft. 
milliona. 


27-8 


•25 


8,333 


6,250 


5,000 


3-48 


•52 


4-88 


65-7 


•50 


16,666 


12,500 


10,600 


6-96 


1^05 


9-76 


. 83 5 


•75 


25,000 


18,750 


15,000 


16-44 


1-57 


14-65 


111-4 


1-00 


33,333 


25,000 


20,000 


13-93 


2-10 


19-63 


139-2 


1-25 


41,666 


31,250 


25,000 


17-41 


2-63 


24-42 


1671 


1-50 


50,000 


37,500 


30,000 


20-89 


315 


29-30 


195-0 


1-76 


68,333 


43,760 


36,000 


24-37 


3-68 


34-18 


222-8 


2-00 


66,666 


50,000 


40.000 


27-85 


4-21 


89-07 


250-7 


2-25 


75.000 


56,250 


45,000 


81-83 


4-73 


43-95 


278-5 


2-50 


83,333 


62,500 


50,000 


34-82 


5-26 


48-84 


334-3 


3-00 


100,000 


75,000 


60,000 


41-78 


6-31 


58-69 


8900 


3-50 


116,666 


87,500 


70.000 


48-75 


7-86 


68-37 


445-7 


4 00 


133,383 
168,666 


100,000 


80,000 


65-71 


8-41 


78-14 


M7-1 


600 


126,000 


100,000 


. 60-64 


10-62 


07*68 


668-6 


600 


200,000 


150,000 


120,000 


83-67 


12-62 


117-21 


7800 


700 


233,333 


175,000 


140.000 


97-50 


14-74 


186-76 


891-4 


800 


266,666 


200,000 


160,000 


111-43 


16-82 


156-28 


1,002-8 


9-00 


800.000 


225,000 


180,000 


123-11 


18-92 


175-82 


1,114-8 


10 00 


833,333 


250,000 


200.000 


139-29. 


21-02 


195-36 


2,228-6 


20-00 


666,666 


500,000 


400,000 


278-58 


42-06 


390-72 


3.843-0 


30*00 


1,000,000 


760,000 


600,000 


417-87 


6307 


686*08 


4,467-3 


4000 


1.383,333 


1.000.000 


800,000 


657 16 


84-10 


781-44 


5,571-6 


5000 


1,666,666 


1,250,000 


1,000,000 


696-45 


105-13 


976-80 


6,686-0 


6000 


2,000,000 


1.500,000 


1,200,000 


835-74 


126 15 


1,171-16 


7,800-3 


7000 


2,333,333 


1,750,000 


1,400.000 


975 04 


147-18 


1,367-52 


8,914-6 


8000 


2,666,666 


2,000,000 


1,600,000 


1,114-33 


168-21 


1,562-88* 


10,029-0 


9000 


3,000,000 


2.250,000 


1,800,000 


1.253G2 


189-23 


1,758-24 
1,963-60 


11,1433 


100-00 


3,333,833 


2,600,000 


2,000,000 


1,392-01 


21026 
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Of ihe IndtnatUm and Section to be given to Feeders and Conduits, — ^When a certain quantity of 
water lias to be conveyed by means of feeders and conduits, the fintt question that presents itself ia, 
the determination of the declivity and the dimensions of the wetted section. With respect to the 
declivity to be given to the work, it frequently happens that local ciroumstanoes allow it to be 
varied within certain limits ; and in that case, the eugineer must decide what is best suited to the 
existing conditions. Some writers maintain that thu velocity of the water in a feeder slioiild never 
be less than 1 ft. a second to preserve its wholesomeness. fiut though we do not deny that in 
this respect a considerable velocity is an advanbige, we think it would be unwise to make great 
sacrifices to obtain it. A strt am having a velocity of only 9 in. a second would travel twelve 
miles a day ; and if the feeder wei^e of that length, or even twice or three times that length, 
the passtige of the water in the stream would correspond to a storagu of one, two, or three days in 
the reservoir ; and as it is kept completely stagnant in reservoirs a much longer time tiian that, we 
fail to see how it could become corrupted in so short a space of time. From tiiis point of view, a 
much lower velocity than 1 ft. a seeona may be allowed, especially in conduits of masonry. Bankine, 
however, places the limits to the velocity at 4 fL and 1 ft a second, because above 4 ft. small 
stones will be carried along ; and below 1 ft., the conduit will silt Up. It may be mentioned 
here that the Aqueduo de Ceinture at Paris, which distributes the water of the Ouroq, has a perliectly 
level bed, the water flowing in it in virtue of the declivity tstablished at its surface. Tne most subntiin- 
tial advantage of the declivity is to reduce the section of the water-channel, and consequently the 
expense. But this advantage is very sninll for slight variations of declivity. Thus, for an increase 
of declivity of ^ the section is diminished by only -r^'; and for certain forma of section tiiis 
diminution would not lessen the expense at all. It may be added, too, that when the water brought 
by a conduit has to be distributed by means of force mtiins, ^the diameter of the mains must be 
increased in proportion to the insufficiency of the head ; and thus the saving effected by increasing 
the declivity of the conduits may be lost in the increased expense of the mains. As the course of a 
water-channel must depend in a g^t^ut measure on the natural features of the g^und, the question 
of the declivity cannot lie submitted to algebraical laws. It is an eminently complex question, like 
that of the gradients of a road, or of railways. The engineer cannot, any more than he can in these 
cases, confine himself to limits of declivity, or to a uniform declivity. Throughout the course of the 
channel, the declivity and the section must vary with the inequalities of the ground ; but, of course, 
as every variation of these quantities is in itself an objectionable feature, there must be a sufficient 
reasan for making it. It must be kept in view that the problem to be solved ia, how to convey a 
given quantity of water from one point to another with the least possible expense. And the 
solution of this problem will depend in a grt-at measure upon local circumstances. 

Artificial water-diannels are of two kinds, those the sides of which are of earth, and those 
which are constructed of masonry ; tlie latter are more usually called conduits or aqueducts. 

Artificial Water-ch/annels without Masonry. — ^Water-channels without masonrv are only suited for 
conveying large quantities of water. It is indispensable that they should liave a sufficiently 
large section, to avoid any interruption of tlie flow by accumulations of aquatic vegetation, 
deposits, or accidental slips in the banks. They require frequent cleansing; and a certain 
amount of water is lost by evaporation and filtration. It is also requisite to retain a path along 
their banks to enable them to be kept in a proper state. The water is liable, too, to get heated 
by the rays of the sun when its volume is small. But if a large quimtity'of water nas to be 
conveyed, these disai vantages sink into insignificance, compared with the econoiny of this svstem 
of construction. When, however, local circumstances and the wants to be supplied demand only 
a very small section, it will be in nearly all cases best to have recourse to a channel of masonry, or 
even to an underground conduit, which will effectually protect the water from the accidents to 
which we have alludeH. We do not exclude unbrioked water-channels from a project of water- 
supply ; but they should be used only for large quantities of water. It must be remembered, too, 
that when the channel is in a deep cutting, the sides have a large extent of surface ; and this, in 
some soils, entails considerable expense. 

Water-channels of this nature a^ more particularly connected with navigable works, of which 
they are nearly always an essential accessory. We may here caution the engineer against the metho.l 
of calculating the losd of water by filtration by the square yani of surface, as is done in the case 
of navigable canals. This method, which we believe false in principle, does not lead to any sensible 
error when canals are compared with each other ; because these canals have in general sensibly 
equal wetted sections and water surfaces : but it might lead to grave miscalculations if applied to 
water-courses of small dimensions, such as those suitable for a town water-supply. The permeability 
of the soil will have a much greater influence than the dimensions of the water surface. The loss 
by filtration in canals ought not, therefore, to be considered proportional to their breadth. Hence 
it follows that, for narrow watcor-channels, the loss will be relativelv much greater ; and as the 
cost of puddling or walling is evidently proportionid to the breadth, there will be more inducement 
in the case of the narrow channel to undertake these works. 

8ione or Brick Conduits. — Many works have been written on the stability of structures in stone ; 
arches of various forms, with their abutments and piers, have been submitted to calculation ; and 
sufficiently accurate rules have been laid down to serve as glides in these matters to engineers. But 
the case of these structures being at a greater or less depth beneath the surface of the ground has 
been almost wholly neglected. The stabilitv of retaining walls is only a particular case of the 
thrust of earth. The numerous underground ways which the construction of canals and railwavs 
necessitates at the present day offer an application at least as important of this theory. It would bo 
beyond the scope of this article, however, to supply this want ; we shall therefore consider merely the 
question of conduits, which, from their nature, are of small dimensions. 

These conduits always consist of a bed and two side walls, covered with flagstones when narrow, 
and with an arch when of a certain breadth. If we suppose such a structure as this erected on tho 
surface of the ground, all its parts must have certain dimensions, in order that they may not give 
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my either inwudB or oat wards. Theee dimensions would still be gi?en to the parts, if the aroh, 
instead of being abore ground, were in the middle of an artificial embankment, because the earth of 
which such an embanlment is composed is liable to slip away sufficiently to let the arch down 
between the walls. It is for tl.is reason that in making roads or railways the same dimensions 
are given to the arches and abutments of the small bridges situate in an embankment as if these 
structures were situate above ground. The saving tliat might be effected by utilizing the thrust of 
the earth is here not taken into aocount. This saving would, moreover, be small, as the works them- 
selves are of small extent But when sewin and oiMiduits beveral miles in lengtii have tj be 
constructed, the importance of giving to the masonry only that thickness which is strictly necessary, 
and of choosing a suitable form of stciion, will be seen at once. 

In general, in every piece of tunnelling there is a minimum necessary free space. In the case 
of a railway or a canal, there must be room enough for two trains or two barges to pass each other 
in a certain position with rettpeot to the axis; in the case of a sewer or a conduit, we have a wetted 
section with sufficient space for the passage of a man, either uprieht or in a stooping posture, either 
dry-fuoted or in the water. In other words, we have a polygon of a given kind and size to be enra* 
loped in an intradoe curve, subject to no other condition than that of giving the minimum coat of 
oonstmction. Sometimes the polygon is not so fully deteimined as in the cases just cited. In a 
sewer, for example, where the flow requires a sectional area of 8 sq. yds., and the work of deansine 
and repairing a minimum ht ight of 2 yds , it is evident that this double condition nmj be ^atittfiea 
by rectangles of very different heights and breadths. It is therefore requisite to know which are, 
in general, the most economical forms. 

The cost of constructing a subterranean passage consists ot two parts, thai of the masonry, and 
that of the txcavation necessary to obtain this masonry. We will consider each of these separately. 
A tunnel cannot give way outwards. We are not speakmg of the eiccptlonal case of loose earth, or 
earth liable to be loosened by the action of water ; these are rare flUenmstances, demanding special 
precautions. But generally the soil met with is stable, and only slightly compressible, so that the 
surface of the extrados of ttie tunnel is subject throiu;boni to a variable pressure perpendicular to 
its surface. If the walls of the tunnel are in eqnilinrio, by reason of the dimensions given to the 
several parts of the extrados, it is clear that its ooier surface will be subject to no other pressure than 
that which was exerted upon the mass of eaitii which previously occupied the same space, for, on 
account of the hollow of the tunne^ lis weight will te sensibly equal to that of that mass, and a 
givine wa^r can only occur iavaida. Suppose, now. the perimeter of the tunnel to have such a thick- 
ness wat its outward ikanmi b exactly equal to the outer pressure of the earth ; in this case equi- 
librium will be ftilillalied, though the structure, considered alone, is not in such a condition. But 
it mil be veadfty seen that this equality of action and reaction is necessarily produced, unless the 
flarfh is very oompressible and the radii of curvature of the intrados very large. 

Let us consider one of the most unfavourable cases, namely, that of a tunnel composed of two 
walls, a segmental arch with a very long radius, and a rectilinear floor, Fig. 7802. This mode of 
eonstruolion evidently brings a very considerable thrust against the top of 
the walls. If the tunnel be cut through rock, the stone N, which consti- 
tutes an abutment, will not be forced bock sufficiently far to let the arch 
down before finding a reaction equal to the thrust Q ; but if the ground 
were of a more yielding nature, it would very likely happen that the 
springings would not meet, as they were being thrust back, with a sufficient 
reaction from the earth in time to prevent the straightened arch from 
alippinff down between the walK We may add, too, that this accident 
would be in nearly all cases caused by the displacement of the soil rather 
than by its compression. The soU, pressed back bv the thrust on the 
springings, will give rise to pressures above and below ; the latter will 
press the walls inwards, and ^ve them a convex form inside. But virgin 
soils are only in a veiy small degree compressible, and the settling down 
of structures is due inore to the displacing of the soil upon whiuh they are 

erected than to its oompression. There are therefore two means of preventing the full of the arch, 
to buttress the walls, and to give a greater rise to the arch. It is evident that we shall then neces- 
sarily find equilibrium without increasing the thickness of the masonrv. By means of a greater 
rise we shall diminish the horizontal thrust, and at the same time extena the limit which the joint 
of rupture may reach without causing the fall or deformation uf the arch. By buttressing the walls, 
we shall prevent the springings from being forced apart. 

Hence it follows that by giving the inner section of a tunnel a concave form throughout its 
perimeter, the condition of equilibrium may always be nttnined with very thin masonry. In order 
to submit these forms to a vigorous calculation, it would he necessary to know tlie pressures exerted 
upon the surface of a solid buried in the earth. But this is a very complicated problem, and one 
tliat could be solved only by means of a great number of hypotheses on the friction and cohesion of 
soils, and the elasticity of the body compressed ; that is, data which have not yet their expression 
in figures, and which oonsequentty are of little practical interest. We shall merely remnrk that 
the pressure upon the extrados of a tunnel depends but little on its depth beneath the surface ; a 
careful consideration will show that the upper soil tending to slide upon the slopes of greatest 
thrust, C D and C D', Fig. 7803, supports itself upon the vertical plane A B passing through the 
axis of the tunnel, so that the portion B G may, even for a certain height, varying with the degree 
of cohesion of the soil, stand without support. It may therefore be admitted generally that the 

Pressure due to the thrust is very little ; the truth of this is evinced by the nattunl caverns found 
1 mountains, and in those which are often dug, witl.ont support of any kind, in soils having a 
certain consistency. We are speaking now of the nntnral thrust which would exist if the extiados 
of the tunnel were in inflexible monolith. But if the masonry thrusts outwards, it is evidcpt that 
the soil will press inwaids with equal energy, a reaction that must be the result of a certain com* 
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pression. Now, if ihe son ifi perfectly sustained, a sensible alteration in the form of the masonry 
ean never result from this compression. We may remark, however, that when the tunnel is oon- 
Btrncti'd in a trench or cutting which is ^^^ 

afterwards filled in, the soil resting upon j^ ^^ j ^ 

llie arch not having much cohesion with ~" ~~" 

the eiiies of the cutting, there mu^t be a 

greater pressure upon the top than when 

the ari'h is built underground. But this 

vertical pressure only serves to tigliten 

the joints in the arch, and to increase 

the stability of the side walls. 

From these considerations we deduce 
this consequence, namely, that subter- 
ranean structures ought to be constructed 
according to other principles than those 
of ordinary structures of masonry ; that 
by taking advantige of the reaction of 
the soil against any outward thrust, by 
choosing rational forms, and by varying 

suitably the radius of curvature of the intrados curve, we may considerably reduce the t1iiftVtw»aa of 
the masiinry in works of this nature. Thev ought to be pipes of a nearly constant thickness in the 
perimeter of tiie section, which thickness should vary only with the diameter, that is, within certain 
limitii of section, as the cost of masonry is sensibly proportional to the perimeter of the curve of the 
intrados. The cost of excavation does not follow exactly the same law ; but as in ordinary cases it 
is only a small fraction uf the total cost, we may, as an approximation, geuetalize the principle^ 
especially when we are drawing only general conclusions. 

When, therefore, a determined section id required, a slightly elliptical form is to be ehospn. An 
exaggeration of the height would ctiuso extra expense, except in the case of a very deep trench. 

0/ Different Kinds of (SUverU, — Culverts may be divided into three classes, aoo(ntiing to their 
dimeubions ; those which furnish a passage for the vroter only, those which are sufficiently high to 
allow a man to walk up them, and those which are )>rovided with pipes for the conveyance of the water, 
so that a man may pass through dry- footed. We shall briefly consider each of these systems, and 
the circumstances that may render one or the other of them preferable in a given case. 

Culverts having dimensions sufficient only to afford a passage for the water are evidently the 
cheapest. If a wetted section of 12 in. by 6 in. or 8 in. is sufficient for the discharge, if the natnre 
of the water is such t.at no cleansing is re()uired either in consequence of impurities or calcareous 
deposits, and if the couri^e is not situate in a deep cutting, this system wdl offer the greatest 
advantages. In case of accident, by means of man-holes situate at certain intervals, the locality of 
an injury may be proved to be between two of them ; then by digging midway between them, and 
again midway between this point and the man-hole, the exact locality mav be discovered. Bat 
small leakages at several points might take a long time to discover, and would entail great expense. 
A coating of cement has peeled off and blocked up the passage ; small cracks, wmch singly are 
unimportant, but which, being repeated throughout a long distance, are collectively the cause of a 
great loss of water, such things may occasion a long search and a heavy outlay for repairs. These 
culverts, however, appear very suitable for the conveyance of small quantities of water. 

We stated above that the pressure at each point of the perimeter is unknown, but it is easy to 
eee that it must be greater in the vertical than in the horizontal direction. The curve of equili- 
brium must therefore affect the form of an elliiise, greatly elongated or approaching the form uf a 
circle, ai-cording as the soil possesses greater or less cohesion. 

These little culverts may be constructed of stone, beton, or cement ; or stoneware pipes may 
be substituted for them. The choice between these several modes depends on circumstances 
and local resources. The thickness to be given to the walls is so little as to elude calculation. In 
such small sections, a giving way inwards can hardly occur ; the only accident to be feared is a 
sinking of the soil,— occasioned, not by the weight of the structure, but by filtrations escaping ftcsat 
it. It would therefore be dangerous to construct these culverts upon an embankment. As to 
virgin soils, it must be left to the engineer to determine on the spot what special precautions 
are to be taken. We may remark, however, that, in most cases, it will be sufficient to ram the 
bottom of the trench. The proportions of the wetted faction may be varied to satisfy given 
conditions. In many parts, materials may be found very suitable for making slabs or flagstones 
to form the top. which will dispense with arching ; in such a case, the breadth will be limited to the 
dimensions reauired to utilize these materials. If it is desirable to keep out (he water of the soil 
passed through, the joints of these stones must be cemented. A rounded form for the bottom of 
these culverti is favourable to the velocity of the water, and facilitates cleansing when necessary. 
A coating, or layer of cement, laid on thicker at the angles, has been found very suitable for giving 
this form. 

When, in consequence of the exigencies of levelling, a culvert hss to be placed at a great depth 
beneath the surface, the foregoing system loses its advantages in several ways. Suppose, for 
example, that, for an ordinary trench from 3 ft to 6 ft deep, the cost of the small culvert is 
10«. ; it will increase to 20«. or 30«. in that portion for which a deep cutting is neoessarv. 
In such parts it is requisite not merely to deepen the trench, but to widen, and pLmk, 
and strut it. Hence an enormous increase of cost, which will be the same for the small as 
for the large culvert; so that the relative cheapness will no longer compensate the defects 
pointed out, especially as liie position of the culvert will greatly ap:?iavate them. For instance, it 
will be almost impossible to ascertain the lo&ility of a leakage nt nuch a depth. Therefore, in a 
deep excavation, the culvert must be suflicieutly Lirgc to be aocessiblc on the inside. The question 
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then is, Whkt dimeniloiw an itriall; lueMMrjr to give thfs adwitege t The exunple «r the 
culvert ai Dijoo, Tig. 7304, oooatniated b}r the fkinous liydrsnlio eo^neer, Darey, pravei that 
a n, 11^ Id. ia height, b; 1 ft. 11^ in. in breadth, is quite BuSoieut to aliow a 
mnn to pan up it without eiovasiTs fatigue. It mtut lie borne in mind, tliat it KM- 

is not a aiMO demanding a daily or even a tnonthl; examination ; all that is 
reqniied'is for a man now and then to paaa up with a toich to ezamiua every 
part ; and by "nilring use of the man-holes, lie may rest as often as ha lihes. Thu 
mean term tshen by Daicy appears to us, therefote, perfectly rstionaL In virtue 
of these diatearaonn, the culvert at Dijon poesassee, fqr the seonrity of the dis- 
tribution, the tame advantages as those of tht; largest dimeniiions; its defects are 
a mere matter of servioe, for which the public have not to sufler; a question of 
paying a small sum yearly to Ibe man wtiose duty it is to pass through the 
oiUvert ocoaflionally in waler-tigbt boots. To render this culvert capable of being ensily traversed 
bj a man upright, the side walls would have had to be 3 ft. biehcr ; and this, ln>m tho dimenMons 
adopted, would have lequin^l an additional cube of briokworb, eqonl to 2S'2S fL, and, with the 
earthwurk, invulved an eipeniiituru of at least 6>. a yard, say 6G00I. for the whole length ol nearly 
71 milea. To effei't saah a saving as tbis, an ooca^onal inconvenience will be ciieerMly borne. 
We must remark, bowever, tbat, had tlie eg^-ahaped aection been adopted, a Kreeter height wonld 
Lave been given nt the Fame aoet, by tliminisbing the thiokneae of tlie side wiQis, Fig. 7304, whioh 




would have greatly facilitated tbe nsnge of the inspector. 

Another advantage of this kind of oulvLTt ia its oapehility of «... -^ ._ „ .. , __ 

watLT. wbiUt the email ones would be cgtiickly deHtrnved if the nudEi-presaure of the water were to 



burst up the arch, or lift off the top stoae^labs. Thu dcft-ct is remedied by Uesna nf eaoape-holes 
lelt at I'onvenient places. Slonewjire pipes, being capable of withstanding • oertsln preaaure, an 
moie Buitabia tlian small culverts for tbe oouvcynuL-e of variable qu.mtitiet of water. 

Tlie essential dimension of this kind of oul vert in itslieight; audit is evident that by inoteadng 
this we render sfoeas tu it more easy; the only queatiim, tlierefore, is t<iat of cost. There ars 
certidn odvantagis. too, which are more or lees important, aooording to local ciroumstaoees. In 
ea^ of TppairB, the workman has but little roonl to use bis tools, or to t'ansport bis materials. 
If tliu nator leaves a deposit, and tlie culvert re^niree cleansing occaidonally, ila dimensions most 
be increased. In muny of the old eolverts there is a raised footway on one or both sidea, by means 
of which inspection, repairs, and oletuulng may be executed without standing in the water. This 
Is no doubt on advantage; but wlietbur (he additional eost is oompenssted by the nmvemenoe 
affotdod, is open to question. 

Critical KxinniitatiDn of 7\eo Q^rtrti. — We will completi' these general oonsiderationB by Euking a 
critical examination of two oulverta recently conttmoted in the iuterior of the city of Puis. 

A glance at tbe section represented in Fig. 7305 showh thkt the engiiieer bas wbollj left out of 
consideration the anbtertaneAn p.>BitioD of the struotores, for 
the brickwork has a ttuokneM more tlian suffloient for equi- taut. 

libriom it erevied above ground. In this order of ideas, the 
ollsets, allowing them to be neoe9S.iry to the stability of the 
Btructore. woulil yet be a mistake, fur by raising the side 
walls vertically from the perpend tcular of the lasi offset, tbe 
brendth of the wntir-pas^ge and footway miaht be Imreased 
by 7 8 in. without diiuiiiishing in the lenst dogim the maiD 
thicknoes of tbe brickwork ; or if this additional breadth ol 
the water and footways were deemeil superfloous, the offsets 
might have been suppressed, and the same tbiolineca of 
brickwork retained, which would have reduced tlie bn«dth 
of the trenoh. For we must not loae sight of the tact that an 
ofEwt, though it rosy he only a fuw inches high, neoessibtea 
the same width of trench tu lurboe, tlms occasioning great 
additions! expense. We think, therefore, it may be laid 
down as a prmciple, that aoulvert built in a trench should 
never hare offiieta. 

If, now, we examine the form of the water-way, we ahall 
■ee that tbe breadth an<] depth are not in tbe mtio requisite 
tor a maximum velocity of the water. This, however, would 
be a small defect if the section adopted were in the minimum 

conditions of cost But we see at once that in conseqnenoe of the enormous thiokiMBB of the ddo 
walls, especially on the side of the footwav, there is ^[reat ndvantage to be gaiited l^ IncreasiDg 
(he breadth of the water-way and diminishing its height. The two side mJls have together a 
thiokneaa of g-53 fL, whilst that of the aroh and flour is only 3-28 ft , conseqaaotlf, by increasing 
the breadth of tbe water-way by ■S28 ft., and diminishing its height by tlie mom qnannty, we gain 
about 5 ' S cub. ft. of briokwork, without djminlibing the seotioo. The proportioa li thaefim bad 
in all reapBBt^ If we increase the breadth of the water-way to 7'S7 fL, reduce it* mean height to 
2-95 fL, and then raise above tbe foutway a more rational proflle than tbe existing on^ we shall 
effect a Kving at about 135 oub. fL ol brickwork and S5 onb. fL of excavation, rapreaeuting a anm 
of about 4/. a ^ard, or 16,000/. (or tbs whole work, while retaining the raised footway and the ledge 
on the inside intended to support a flooring of plsuks in case of repairt. The modiflad previa shown 
in Fig. 7305 in dotted linee gives at once much more air and roran in the |>catiao aboVe the water, 
and a snffleient breadth to aUow the pa wage of a good-siied boaL "ith a dunlnotion of wei^ upon 
the foundations and of height of water upon the floor, that is, with f^er chancei of flltrations. If 
we were to enter further into tbe examination of this oulvort, and dloousa the utility of tho ledge 
mentioned above, and that of the raised footway, which might lie aoppreaMd altogether, or rcplacod 
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..„ . 1, howem', that tlie ealreit, bejng both K«ern^ and oulTert, that ia, the « 

It being Blteniatcl; in motion and at raat, the leotica wbUifa we propoee for the watar-wkj ought tc 
bAtt been deepened towsrdi the cod lo oooDterinbuice the effeet of tlie deaoeat. But we kr« wb' 
■idKiiig it ben oolj ae a tn» u( onlTert dealgDed to oooref a birge qoanlit; of water. 

The MCtiOD of the Saint lAnrant coWert, 
Tig. 7306, appear! to n* at leaet ■■ defectiTe '**** 

aa Ibe one we hare been eiamining ; the nine 
eornctiooB are to be made. By rednciiiK the 
bright of tbe water-waj b; 2-B9 fL, giving a 
enrred form to tlie tide walla and doing awe; 
with the offaet, We iboold get a form u itrong 
•1 the preaent, mcae eoonomioal b; ime-third 
of the briokwoi^ and of nilabte dimendnni 
to alluw the paMBge of a boat, ex ol a man in 
water-tight buola, if it were oomldmwl ande- 
(irable ia ittn plankt (apportad mi braoketa. 
Tlieae aectione (berefore ought not. tn our 
opinion, to he laken aa examplea to be imitated. 

We shsli not pnnae thia oritiiul examina- 
tion farther, our onljr objeot in entering npon 
it at all being to iliow the great importanee 
of carefuU; ounndering tlie form of aeetion to 
be giren to ■ culvert. It le not poaaible, aa 
in tie oaae of pipe*, to give tTpical forma which 
are alwajr* lo be imitated; tbe engineer muat 

in every oate be guided by local cirtnnutunoea, tbe material at bia diapoeal, 
and a thotongb nndentanding of hie lubjeot. The ooneiderationi into 
wbii'h we lm?e entert-d are not intinded to remore the neceaaity for a 
eawftil ahidy of the qoeatiaa, bot lo make that n o o oM ty more BtrongW felt 

(hfca*^ 1* amtoai Piftt, — Moat of the fraeguing refleotiona are applioabia 
to enlTerti tslndad to leoairo pipea. We ahall oooaider later the qaeation 
whether pipea dtonU km fhniii in oulrerta at all ; and though, in our 
opinion, it El not in genoml adrteU^ e^eoiallT for a small water-eopply, 
to oonatmet apeeial enlTarta for the maia^ it k noae the laea tmu thai 
whoD theae eal*erti may at tbe aame time a— " ^ " 



I 






thia inoreeae of wtdtb may be effected at a amall coat S 

Oulverta may enntaioone or ecTeral pipea; bnt. In our opinioD, tbey S 
onght never to contain more than two, unleea diffeieot kioda and preeauree 
of water bave to be oonveyed. Multiplying the nmnlwr of pipea greatly 
innrnaann the coat, and cannot be joatifled fmm any point of view. Whm 
a onlvert il to aerve at the aame tune aa a aewe r, tbe mains are raised npon 
ft brick Ibotwaf in order that tliey may not be immeracd in the aewage, 
which imueraion wonld conoenl any eeoape, and render repairs diCBcnll 
To make (be jointa more readily iicoeaaible. tbe pipea reat at intervala npon 
briok •apports. Inataid of a briok footway, wbich talcea up a portion of 
the aecttoD of the aewer, iron oonsolea ere frequently employed ; these 
poaaoaa the additional advnDtago of greatly fucilitating the flrat pladng 
and snbeequent repairs of tbe pipes. At tbe a^me cost, thia ayatei 

eertainly preferable; it will be for tbe engineer In "-- - 

each, aotxtrdiog lo the diameter of the pipM and local 

Of th* Choia to bt nkxb btlaem Condaiti and Pipet. — It remains for na 
now to couaider the qneation of knowing in what caam reoourae ahould be 
had to fbroc-nmins and to free oulverta, or, aa they are often ceiled, conduits. 

If we consider the problem of conveying water in an abstraot way, both 
ayatems are applicable in every oaae. A line A B, Fig. 7307, being given, 
we may adopt any form of aootion for a conduit having a snlBcient surfaoe 
to convey the given quantity of water; the ooudait or onlvert will be 
oonatmcted in a trenoli or in a tnnnel when tbe water-line is below ground, 
and npon a wall or npon arches when alwve groond. Aa to tbe pipe, it 
may Mways l>e snbstitnted for the onlvwt by placing it below the line of 
be«d, and giving it a aeetion abont -fp gieatn tban that of ttte eolvert 
Thns, mat^matioaUy, one system may lu every oaae be substitnled for the 
othv; but, eanoin>ca%, the qneation is changed, and eaoh system finds its 
place Booording to loc^ oiioamstanoea. 

When the water-line, or line of heed, is below gnmnd, the onlvert poa- 
■Maes over the force-pipe advantage* varying with the aystem adopted, 
and with the quantity of water conveyed, fiuppoea a amall onlvert having, 

fw example, a wetted aeetion 12 in. x 6 in. ; if we wish to substitute a pipe 

diameter of about 9| in. Thia will cost about 201. the yard run, wbllat the little culvert will hardly 
coat St. If the culvert ia a little larger, and its naeful section doubled by making the aide walla 
6 in. higher, the cost will be inoreaaed by not more than two or three ahlllinga ayard, whilst the 
diameter of the pipe wonld be inereiued lo 1^ in., and the coat to about 28*. The aaving would 
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tlin* be •bent ISf. the yud. But if for tn hd(J1 k quntit^ of water e onlTert irme ormrtroeted 
large enoagli tat h man to enter, thii wiing would vaniah, and there woald be an eiceH of expen- 
diture instead, for it would be diffloult to ooni<trnct a culT«ft for lew tlian 30i. On entering (bia 
•yslem the relative eoonom; diminialiea, becaum (he wetted aMtion is ooi; a aowll fraction of the 
whole. Buppoee in a cnlvert of tbia kind, having a breadth of 1'97 ft., the depth of water lo be 
I'SO R., the wetted aectioa will be 2*.'i fL, and we might rabatitote for this culvert a 2-ft. pipe. 



Thm it will be *een that if the oolvert coat 33i.. the Baving ia onlj * tlilrd of the total eipenae. 
It will be gRkter il we auppoae a greater htiglit of water in theonlvert: bat in that ciiae it will be 
dWeulttneiiterlt while in uae; mchvimld be a culvert of the fliat kind. As to oulvertalike (hat 



of Areneil, Pig. 730^, which convey onlj a bduII quantity of water, and nMv ^ paaaed through 

diy-Footed b; tnen in the upright pobtuie, they are much more elpenaive than 

pipea. The difierEuce diminishes, it ia trav, with the quantity of water, bat '*"*' 

wo donbt if it oun ever become nothing. Thua the first of the two oalverta 

•t Puia, wbioli we liave alrsHdy critiodlj examined, ooat SOI. the yard mn, 

and it does not exceed in efflmency three 89-in. pipea, whioh wonld not have 

coat half that tarn. 

The eomparison we have made It incomplete in many reapeota, for it doe* 
not take aoeonnt of many elementa that may derive great imporlince from 
the oonditiona in which the engineer Soda hbuielf placed. We will remark, 
in the firat pLioe, in Tiivour of the oolvert, Mpeoially that kind which is large 
enoogli to be acoonible. that it otten muoh muresBOurity for an uninterrupted 
servioo. Probably to obtain the same degree of aeenrity from pipea, they would 
have to be doubled, which, a« we have said, greatly inoroaaea the coat, in tlw 
ratio of 1 to I' 56. Also, if the water fotms calcareoua or other deposits, the 
irork of cleansing can be performed much more eusilj and at much lesa 
eipenae. But thu advantage is of small importance, for water charged with such a quantity of 
oarbonate of lime ought not lo be nacd. 

The oonairlenitionB in favour of pipes are of another kind. We have suppoaed Ibem laid down 
In the track of the conduit : but Ihiit suppotition is too unfavourable, since a foroe-pipe is in ao wise 
reatricted to inllow the developmi-iite of the line of bead over the ground. To convey water from 
Uies lo Nimea, the Bomaos were obliged lo construct an aqueduct 31 miles long, though the lowns 
•re situate only 121 milee apart. We see that a. force-pipe would have been oidy half that length ; 
hence twoaavmgs, that oriengtli and that of diameter, reeulting from the iucrease of declivi^ lo the 
yard. The diameter might, iudceil, bave been reduced in the ratio of 1 to 0-87. Again, for the 
leMon that the ooiiduit must at neccBsity follow the line of head, and all the windings of the toil, 
it ia oflon requisite to ym thruugh valunble lands, thu owner* of which have to be paid oompeuta- 
tion, whilst tne force-pipe, whioh te subject to no other condition than that of being situate below the 
llDe of head, may be pLiced in the streela. in the roads, or other public properties, where no oom- 
pensatioD is required. This liberty ct chooeiag • oonrse enables anppliee to be given on the way, 
and thus the utility of the aerviae ia ittoieaaed. 

The coune or traok of a oondoft ia mbieot lo more rigonms conditions than that of roads and 
railways, aa it only admits of nearly insensible dedlvitiea, and never of counter ileolivities ; if, there* 
fore, it were abH^lulely necessary to follow the line of thi< soil, it wuuld assume an exoeaaive length. 
To abridge this length, rising ground is often out through and vnlleys crosaed by aqoedurt-bridgea. 
When the line of heed ia in a deep cutting, pteferenoe aliould in general be given lo the culvert 
rather than the pipe ; the latter would require the mne trenob and probably the aame expense as 
the culvert, bnt being situate so far from the snrface, it might fracture or the joints give way, 
without the aocidcnt being perceived, for the water not bt'ing able to reach the Boi-face, oould find 
eacape only in a lateral direction. And the senrch for duleuiis would be ao difficult and expensive 
that it would be necessary probably to place the pipe in a culvert where it would be aooesnible at 
all times. It will therefore be much more simple lo pat the water itaelf into the oolvert, and so 
save the cost of the pipe. 

General FrmciiJtt on lie Chniot of Condiili.—V/^ must oonolude, then, that the problem of the 
economical oonveyance of water is eminently complex : and that the engineer must call to his aid, 
aooordlng to Incal oircumstauces, all the various systems, each of which has its proper place, but 
which cannot be detenntned by any preciae rules: he roaj, however, be guided by the following 
general consiilerollons : — 

Guials are suited for the conveyance of large quantities of water throngb a level distrioL 

The aqueduct ia luited lo moderate quantities when tlie level of the supply ia reached by 
tunnelling. 

Pipes are beat suited for the conveyanoe of small qnantitiea of water ^m great heights. 

Aqueduct-bridg^e are only admissible for the oonveyanoe <tf large quantities of wnter, and when 
the supply is not obtnined ^m a great height. 

Siphons should only be oonstniclod in order to carry the supply aoross a stream. 

II is only by a complete and detailed study that he will be able to arrive at a knowledge of the 

rlems best suited lo each inrtioular case, and these will ollen have to be ntodiSed acocvding to 
reaources which are at bla disposal. 

Hitherto we have been occupied in determining the se-tinns, inclinations, and toon, which must be 
eiTsn to a conduit in order that it bay fumtab a certain quantity of Water . this, aa baa been seen, 
IS always an easy question to acilve by analytical fonnulie. But the distribution of water "preaents 
another queetion much more ooniplei and interesting : that is, to determine the course of the 
conduits wbioh will give the result sought with the leatl possible outlay. 

Diilribuliim of (A« Ptpa. — In a previous srtirln on Pipes We entered in detail inio the questions 
relating to the manufacture, the quality, and the requisite diameteos of iron pipes Ibr a town 
water-supply, and we described the most approved modes of laying them, pointing out at the same 
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time the influence of oontoor of section, or position, of tbe pipes with respect to the horipjnfal. It 
would therefore be superfluous to introduce thoise questions into the present article. Tliere yet 
remains, however, one other question relating to the laying of pipes that we ha?e not oonsiderai, 
but whidi ia of great importance, namely, the course of the mains, or distrlbutiou of the sy&teiu of 
pipes. This matter \a frequently made subordinate to inferior consideratiunn. liut the engiiioer 
who aims at economy and designs his plan intelligeutly will make it oue of the objecis muaC 
deserving his atteniiou. By carefully estimating the quauttty of water to be delivered at a csertain 

E>iut, and adapting the diameter of the pipe thereto, a considerable saving of oost may be efieoted. 
ttt a much larger saving will result from a good distribution of the mains. Indeed, there is haxtiiy 
a limit to the economy that may be realized by a skilful distribution, nor to the expendituze u> 
which an unskilful one may lead. 

Of course, it is impossible to do more than lay down general principles ; for what is applicable 
to one locality is impracticable in another. The necessity of laying the mains along the streets 
grcatlv limits the choice of relutive positions, and leaves only a few routes open to the eng:ineac 
The choice is, however, less limited than it appears to be at first sight, a fieust anyope may coDTiii.ee 
himself of by a careful study of any town map. But general principles will be of great service to 
guide the enprlneer in making this choice; for though he will seldom or never be able to follow the 
lines which tueory requires, if he knows what these theoretical lines are, hu will be in a positioa to 
appioximate to them in practice as closely as circumstances will allow; and in such a case, howerer 
wide the approximation may be, he will have the satisfaction of knowing that the distribiitiaiL lie 
has designed is tlie best that the nature of the locality rendered possible. 

As an illustration of the degree of economy to bo realized by a 
due attention to the question under consideration, we will take a very 
simple example. Buppose it be required to deliver a certain quantity 
of water, say 200 galbns a minuto, at the point a. Fig. 7309 and 
100 gallons a minute at the point 6, from a principal main A B. It 
is obvious that the most economical way of accomplishing thi^ is to 
lay the pipes a m, 6 n. But if the points to be supplied were situate 
at a greater distance from the main, as a*h\ it would be far more 
economical to lay the secondary main p q, and to reach the given points 
by branches q a\ q b\ This example is almost self-evident ; but cases 
will arise in practice where a careful calculation will be necessary to 
determine the question. There will, of course, be other conditions to 
take into account, among which the character of the ground will be 
the most important 

An important fact to be borne in mind in designing a distribution 
ii, that the cost of oonveyizig a determinate quantity of water, as a 
cubic foot, through pipes, decreases as the total quantity increasea 
Consequently there will always be an advantage in concentrating the maaaes of water to be 
couveyed, instead of divi<ling them amtmg a number of smaller mains. The coat of the pipea 
through which the water is convened does not increase as the quantity of water, but only aa tbe 
{ power of that quantity. Thua if the coat of conveying 100 gallona be A, the coat of 200 gidlona 

wiU be2^A=: l-32A,andthatof SOOgallons wiUbe3^A = 1-55A. Thatis, if 100 gallons can 
be conveyed fur 1/., three times that quantity cau be conveyed for 1/. 11«. ; and ao on in the same 
proportion. 

Another question demanding attention is the intersection of branches by the mains, or of 
secondary by the principal mains. The position of the intersecting maiu bhoiud be towards (hat 
end of the branch at which the supply ia attended with the greater difficulties, either by reason of 
the difference of level or of the quantity of water to be delivered. When the two ends are sensibly 
on the same level, the length of the branch should be divided proportionallv to the squares of the 
discharge. If, for example, the delivery%at one en<l of the branch is 100 cailons and at the other 
end 200 gallona a minute, the point of intersection will be situate towaros the latter end of the 
branch at } its total length from it. This condition will, however, usually require modification, as 
it would lead to a too circuitous route for the principal main, and so occasion additional coat in 
the latter. The best the-iretical course will be tnat wnioh without deviating from the straight line 
passes nearest to the points of intersection determined in the foregoing manner. 

From the preceding general principles, we may deduce a typical distribution which shall serve 
as a guide in every case that may occur in practice. In this typical case the ground is supposed to 
be sensibly horizontal, of the same character throughout the district, and wholly free from obstruo- 
tions. Load considerations are thus completely eliminated. 

It is evident, from what we have stated above, that this district should be divided into two sym- 
metrical portions by a principal main. We shall suppose the diameter of this main, as well as that 
of all the others, constant ; for when we have solved the problem according to this hypothesis, it 
will be a simple matter to vary the diameters in accordance with the quantitiea to h& delivered. 
Tiius the queation is re^luccd to that of distributing the water upon one side only of a main con- 
sidered ad an inexhaustible reservoir. Evidently the distributing pipes must be supplied frum 
mains perpendicular to the principal main ; what we have to determine is their positions, lengths, 
and diameters. For greater simplicitv and clearness, wo will consider one of these mains B D, 
Fig. 7310, separately. A moments reflection will show that the limits of the area which should be 
supplied from this main will be given by tho lines B M, B N bisecting the right angles at B which 
B D makes with the principal main ; for according as a point is situate to the right or to the left of 
the bisecting line, it will be nearer the principal or the branch main. The branches from B D and 
B C, as a 9 and a/>, should therefore never extend beyoud the line B M, because such an extension 
would involve a waste of pipe. Hence it follows that upon the line ABC there should be no other 




WATEE-WORKS. 



8069 



If 



branch of t^ same importance aa B D, that ig, of the mme diameter, imtil we reach a distance fiom 
P e<iual to B D, or in olher words, uiitU B C = B D. The area of this new branch will be similarly 
lixmted by the bisecting line D, this area being C m M, as that of D B is B w D, and that of B 
laBmC. If these three iaofloeles rectangular triaogles are 80 laige as to make it neoeasary to haTo 
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other branches, it is obvions that they shonld divide the bases B D, B 0, and G M into two equal 
parts ; for if they do not occupy that position the cost of the secondary branches will be increased^ 
as we have already demonstrated. If this reasoning be continued throughout the district, we shall 
obtain the typical distribation sought, which distoibiiUon is represented in Fig. 7311. In .this 
diagram the importance of the several lines of pipe is shown by graduating the thickness of the 
lines, the thinnest lines representing the pipes that supply the smallest areas. These areas, which 
are shown by dotted lines in the diagram, are squares constructed ujion the pipes as diagonals, and 
they increase by geometrical progression, the ratio of which is 4. Hence it may be shown, that if 
the diameter oi one series of pipes be d, that of the next larger series will be 1 *75 </. Also it may 
be seen from the diagram that the length of one series of pipes is always double tlat of the 
preceding series, as it has to connect all the other series. 

A knowledge of the general principles which we have been discussing, and which are 
illustrated in this typioul distribution, will enable the engineer to design his system in the 
most economical way compatible with the conditions imposed on him by the circumstances of 
a given esse. 

It is evidently impossible to foresee all the cases which may arise in practice, and to apply to 
them the general principles which we have just explained ; but we can, at least, facilita£B the 
research by a few examples, showing the advantages and inconveniences of the various means 
which may be adopted. 

Let us suppose the water brought and raised to a certain point O, Fig 7312, which we will 
call the Pphit of distribution ; the level of this point will, of course, rule the height of the service- 
pipes. For engines forcing the water directly mto the ascending pipe, this point should be con- 
sidered as being situate at the height which would be given by a manometer placed upon the 
pipe. The point of distribution may be situate either within the boundary of tne district to be 
supplied, or outaido it ; it will evidently be snfQoient to examine the latter case, which will in its 
application include the foi-mer ; as when the point of distribution is situate outside the district 
to be supplied, the first thing to be done is to cariy it inside by means of an aqueduct or conduit 
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Let A B O D E F, Figs. 7812. 7818, be a polygon enclosing all the points to be sapplied, and O 
a point on the outside, from which the water must descend to all these points. The water raised 
by an engine may be conducted by an aqueduct, when there is situate near the engine a hill 
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Dttenainatum of the Diameter of the Ascending ColwnH. — Whether ne adopt thiB latter tmngamMit, 
or oondnot the pipe m fu as the boundBrj of the district, there is slmja a flrst pipe, the diuneter 
of which is arbltruT, In pr&otice, whntevei maj be its dimenBioiu, we can kIviijs obtuin bom H 
the ht^ neoesaary lol the diacharge of a given qnantitj of water, bj meooH of a more powerfol 
engine and & larger oonBumption of coal. Thus, if we had to rafaa 3 oab. ft. of water a aeeond 
a height of 165 ft. bj means of a Btcam-engine, and it the diameter of 16 in. gire* a leas of h«wl 
of 35 ft., the pniblem will eTidently be soWed b; an engine of 65 horo^powec, the coat of whioh 
o.in easily be calculated ; and it would be the same for a pipe of an; diameter, aa, for instanos, 
one of 12 in. giving rise to a loaiof head of 35 (H) il'8 fL. will require an engine of 71 horse- 
power, with a correspondiag ooasumption of coal. The qnestion to be dEterminad ia. Will the saving 
effeoteid in the rinuK main compensate for the extra coat of the engine ? In a word, in every quertioD 
of ttiis nature, the object BOUglit is to Bnd the diameter which will give the minimum of eipenditnra, 

jCtmit of the .Jguaducf at the Boundaries of t/u Diilribatioa. — .^B ire hiive already uid, tlie vratar, 
on leaving the engine, may be conducted directly to the boundary of the diatrict to be Bapplietl, 
either by a pipe or ua aqueducL If the district is auited to the combination, the aquednot may be 
prolonged to the pi^int where the foroe-main commences t» present advantages, ihit it is evident 
that the aqueduct can only be carried over the boundary-line of the district on an embankmmt, an 
it must of necessity bo above the surfoce which it has to supply. We shall therefore be oblit^ed 
to arrest this work at a certain point U, Fig, 7313, near to the boundary, and from there start 
the foTDe-mfliii, The nature of tlie district wUl sometimee admit iif the aqueduct being prolonged 

erallel 10 the baundary. in such a manner that most of the servioo-pipes can start directly EFom it. 
It beFore adopting tiiis ooune we must oarefuUy examine the eiiiense to which it will lead. In 
fact, the development H If of the aqueduct, and the length of the branch-pipes oDbnde the 
boundary, irill be altogether lost for iolermediuia service ; and it is rarely that we cannot obtain n 
more advantageous arrangement by sturting directly from H with a furce-niain, for this pipe, dia* 
ttibutiQg the water to right and left, will allow the brancbei to decrease in length and diameter. 

Srceaiity and FosUion of Diatribatiag Staerzoirs. — It is bardly possible for a distribution of watO' 
to be carried on without a reservoir ; for the consumption is variabli', whilst the supply ia 
constant. The water brought by natural courses, or raised by hydraulic machinery, is ooustant 
during the twenty-foar hours; whilst the eonsomption in general goes on only during twelve 
hours ; and during these twelvo houn the oonsuniption is not regular ; so that, even with steam- 
pumping maolilnery, we ore obliged to have a reservoir is order to prevent waste of water, the 
supply of which, at certain moments, pxceeds the consumption. Beaiiiea tliia, a reservoir allows of 
the maohinery being slopoed fur repairs, without interfering irith the servioe. It is, then, almost 
Indispensable; and the only queation to bo decided is its situation and capicity. 

If tiie reservoir were placed at Ihe head of the aqueduct towards H, Fig. 7313, the dimensiona 
of the aqueduct should be such that it will discliarge. not the prixluct a second of the engine w 
spring, but the maximum consumption a second. But this consideration would often greatly 
increase the ooet of the aqueduct ; and more than this, any accident or repairs nmong the network 
of service-pipe^ would interrupt the servioe. If the reservoir were placed towards M, its pceitioa 
would be better. The aqueduct, reduced to a minimum section, and consequently to a minimum 
cost, may be, according to the capacity of the n>servoir. closed for a greater or shorter time, without 
interrupting the service; but as the pipe M X d D It from the merroir must h» of saffioient 
di imeter to discharge the maximum consumption, anv repairs at X would slop the service. 

If, on the conlrnry, the reservoir were placed at It. the end of the principal tooduit, whatevei 
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aooident mieht happen, it woald only eanse a soBpenBion of the aeryioe between the nearest neighhoor- 
ing atop-oooks. Besides this, as the pipe M X J D B is fed from both sdes during the time of the 
greatest consumption, its diameter may generaliy be much smaller than in the preceding example. 
The extreme end of the principal pipe, which traverses the boundary, is then the position which 
best satisfles the conditions of a good dlBtribntion ; but seyeral circumstances will often interfere 
to cause us to prefer another situation. The cost of the resenroir, which, as we have already seen, 
▼aries considerably, according to the nature of the surface of the district, is one of the most 
important. If, for example, the leyel at B, sensibly below M, only allows of the confitruction of a 
reservoir to carry on the distribution during tlie time that the direct service is interrupted, we 
should, in that case, only erect a reservoir to take the surplus wat«'r during the time that tiie 
consumption is at its lowest. It should be borne in mind, when making comparison between the 
various systems of distribution which may be adopted in any particular case, that the principal 
reservoir should be placed at a sufficient height to command all the orifices of discharge ; and that 
it is advantageous to place it at the end of the main, which starts from the origin of the supply, 
and traverses the boundary of the district 

Gonceming the capacity of the reservoir, it cannot be too large ; for the larger it is, the longer 
the time during which repairs may be carried on without interrupting the service ; its capacity will 
be determined by tho facilities which we have for its constructioD, and the chances of intenruption 
to which the supply is liable ; and we have to determine upon a minimum. Theeame may also bo 
said of the heigjit and the depth : the overflow cannot be too high, nor the bottom too low. The 
height will be limited, either by the level of the source or the power of the engine, and the depth 
must be such that it will still be able to supply tlie highest orinoes when the water has desoenaed 
nearly to the bottom. 

Instead of one reservoir, we might have siveral. Thus, one might be placed at M, another at K, 
and another at C ; in these two latter pNOsitions they would have the advantage of increasing the 
power of the conduits at the ends of which they were placed. It is well in all cases to reserve to 
ourselves the power of adding fresh reservoirs to the system, according as necessity shall call for 
them. 

The considerations which we have just been explaining apply with equal force to the case where 
the water is brought from the source O bv means of a force-pipe O F G. But then we shall have 
to consider if it will not be better to divide this conduit into two pipes of equal diameter, so that in 
case of repairs the service may not be interrupted. Bearing in mind that one of the effects of this 
arrangement will be an increase of '45 in the cost of the rising main, we shall have to determine 
whether the advantages of the system will be a sufficient compensation for this increase. 

Punfioaticn of Wat^r, — For this section we are entirely indebted to the writings of Ernest 
Theophron Chapman. Chapman observes that waters contaminated with animal and vegetable 
matters are purified in nature by the gradual oxidation of their organic matter, aided by subsidence, 
and, in some cases, by filtration through porous strata. The processes of evaporation and condensa- 
tion which*give rise to rain are also natural methods of purification. 

Water is purified artificially by distillation, filtration, and by formation of a precipitate in the 
water. 

DistHiation is seldom resorted to for drinking purposes. It is employed at sea, and we believe 
that on the coast of Chili sea-water is regularly distilled fur domestic use. It is, however, not 
sufficiently used to interest us here. 

Filiraiion is the most common method of purifying water. If a water contains solid particles 
of a given magnitude, and we pass that water through a wire gauze, the meshes of which are of 
smaller diameter than the particles, we shall, of oourse, separate the particles, and unless either the 
gauze or the particles are elastic, the rate at which the operation is conducted will have no effect 
on the result But in filtration, as ordinarily conducted, speed affects the result to a verv great 
extent. In filtering through beda of sand, we may roughly say that the effect of the filtration will 
be almost inversely as the speed at which the filtration is effected. 

If a bottle full of slightly turbid water be laid upon its side, and allowed to stand for twenty-four 
hours, and then examined, it will be found that the sediment has not only deposited itself on those 
parts of the glass to which gravitation has carried it, but that though thickest at the bottom, it has 
spread itself much higher up, and in many cases is even to be found adhering to the top part of the 
glass. This oinSumstanoe has doubtless much to do with filtration. 

There is, however, another consideration wliioh will perhaps be most easily explained hj an 
example. When softening water bv Clark's process, we obtain a precipitate of finelv-divided 
carbonate of lime. If this operation oe conducted in large glass vessels, we can watch this process 
of depositing the precipitate. If we do so, we shall observe that the first sign of clearing iskea 
place at the top, a layer of quite clear water making its apnearance, and gradually extending 
downwards. If we ask how this water has become clear, the oiuy answer that can be made is, that 
the precipitate has moved down to the layer of water beneath it, and thereby rendered that layer 
thick, for had the precipitate not descended into it, it would, like the top layer, have become dear. 
In the same way, this second layer, by its depositing, renders that beneath it turbid. If such a 
vessel of water took six hours to dear, we should expeot that bv dividing it into six layers by 
means of five diaphragms, equidistant from each other and from the top and bottom of the water, 
that the water would dear in one-sixth the time, or one hour. On making the experiment, this is 
found to be the case. To test this matter more fully, what may be called a subddenoe filter was 
constructed. It consisted of a wooden box 12 in. square and 20 in. deep, containing 24 plates of 
sheet zinc, | in. apart. Each plate had six holes punched in it, 1 in. in diameter. The holes 
were near to the side, and had their edges turned up a little ; the plates were so arranged that the 
holes were nut opposite each other. A small tap came from just below the lowest plate. Another 
box like this, but without plates, was also constructed. Both boxes were charged with freshly- 
softened water, containing ohalk suspended in it The water took about eight hours to dear in the 
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box without the plates, and was quite dear in the one with the plates at the end of twentj-fiTe 
minutes. This box of plates was next used as a filter, by sendiug a slow stream of water eiiArj^ed 
with suspended chalk through it. About 1 1 gallons an hour of quite clear water could be drawn offl 
If the speed was increased much beyond this the water was no longer dear. To render the analogy 
between this filter acting entirely by subsidence and the common sand filter quite plain, the box 
without the plates had a piece of coarse wire-gauze stretched across it just above the tap. It was 
then filled with slate chips, and water containing chalk in suspension, as before, filtered throu^li it. 
The action of this filter was exactly the same as that of the plate filter, except that more water 
could be passed through it in an hour without turbidity. If, however, more than about 15 gallona an 
hour were passed through it, the water was slightly turbid, and if the quantity was increased to 20 
gallons, it was quite sa Some experiments, substituting veiy coarse auod for the slates, gsTB 
analogous results. 

Now, the analogy between the last experiments and the subsidence filter is dear ; and we may 
safely draw the inference that a. portion of the work performed by a sand filter is due to subaidenoe 
withm the filter itself, the particles of sand serving as plates. This is almost proved by the iact, 
that we can force much of the matter removed by such a filter through it, by slightly increasing 
the pressure of water, which would not be the case if the filter acted as a strainer. 

The coDunon process of filtration through sand is therefore an operation comprising three distinct 
methods of purihcation :^-8training ; removal of matters by adhesion to the aand; subaidenoe 
within the interstices of the filter itself. 

The first method will vary with the size of the apertures throuo^h which the water passes; the 
second, with the amount of surface in the filtering medium in relation to the amount of water ; the 
third will vary with the speed at which the water travels, and with the size of the aperture thimi^h 
which it passes. 

Some filtering media are said not only to remove organic matter, but to destroy it. They are aaid 
to do this by causing the organic matter to combine with the oxygen contained in the water, and 
thus convert it into innocuous compounds. Foremost amongst the compounds said to possess this 

groperty stands anim il charcoal. Beyond all doubt, animal charcoal has a wonderful power of 
seeing water from orgiinio matter, and it does to some extent oxidize the organic matter; hut 
whether to a greater extent than can be accounted for by the oxidation always going on in water 
exposed to the air, is a question which admits of much doubt 

The only process of purification by precipitation requiring detailed remark is Clark's softenings 
process. Waters to which this method of purification is adapted are such as contain carbonate of 
Ume retained in solution by excess of carbonic acid. The process consists of adding lime to such 
waters until the excess of carbonic add is neutralized ; when this has taken place both the lime 
added and that in solution are precipitated as carbonate, a minute quantity remaining in solution, 
as carbonate of lime is not alMolutely insoluble in water. By this process not only is the water 
softened, but a very large proportion of the organic matter contained in it is removed, and if ^e 
water be coloured, the colouring matter is also entirely or in very great part removed. 

The following examples will indicate to what extent the organic matter is removed by this 
process ; — 
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It is to be observed that the organic matter removed can be proved to be present in the chalk 
precipitated. 

The process presents so many advantages, and is so simple, that we are surprised not to see it 
in general use, and naturally expect to find on investigation that it has some great drawback. This, 
however, does not appear to be the case. 

The only other methods of purification by precipitation which have been adopted to any extent 
are the addition of alum to the water, and the addition of a peraedt of iron. In both cases the result 
is the same, a precipitate is formed which carries down with it a very large proportion of the 
ozganio matter, sometimes as much as three-fourths. 

FUter Beds, — ^Two ^stems of filtration are in use for filtering water on a large scale, the artificial 
filter, and the natural filter. 

The artificial filter bed wad designed to get rapidly rid of that very light portion of the sediment 
carried by river waters, which takes some time, a fortnight or more, to subside under ordinary cir« 
oumstancee. This davey discoloration, though trifiing in weight, renders the water very objection- 
able in appeamnce and in its application to any of the arts or manufactures. That portion of the 
sediment which, from its greater weight, subsides rapidly, say within twenty-four hours, can be 
more economically got rid of in subsiding reservoirs. The successful use of the filter bed pre- 
supposes the preparation of the water in a subsiding reservoir. Wherever the attempt fauns been 
made to use filter beds without that preliminary aid, they have either failed altogether, or 
rendered the water but partially clarified. In some places, the large valley reservoirs required for 
compensation and flood stomore perform for the filter beds the functions of a subsiding reservoir. 

The materials used for filtration on a large scale are sand, gravel, and broken stone or shingle, 
the depth of the whole varjring from 5 to 6} ft ; a layer of shells has sometimes becai used, pliMed 
within the stratum of gravel, but this is not found essential, and is now generallv omitted. 

It will be convenient to consider here the most appropriate size for a filter bed before giving the 
arrangement and thickness of its materials. The sizes in practice will be found to be very vanable^ 
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and seemmglj to have followed no regular standard* The first filter beds at Chelsea prr»Ted inoon- 
Yeniently iMrge, and have since in niactice been divided. The new filter beds at Btoke Newington, 
London, the filter beds at Liverpoo\and those now under oonstruction at Dublin, are fair speoimens 
of modem practioe, as applied to large cities. For small cities it is found convenient to make the 
dimensions proportionally smaller. The areas of these are 45,000, 80,000, and 22,550 sq. ft. each, 
respectively. Their forms are rectangular, 800 x 150, 800 x 100, and 205 x 110. At Stoke 
Newington, with a delivery of 12,000.000 imperial gallons daily, thore are five filter beds in use 
now, and two projected, making seven in all when complete. In Liverpool there are six, for a 
delivery of 9,000,000 to 12,000,000 imperial gallons. At Dublin, for an assumed delivery of 
12,000,000 imperial gallons, there are seven filter beds in process of construction. 

Each filter bed, at short intervals varying with the condition of the water, mubt have the deposit 
which accumulates on the surface of the sand cleaned off or removed, and while any one is under- 
going this cleansing process, the other remaining filters must be competent to deliver the required 
supply without overstraining their functions. If, then, there sCre six filters, five of them must be 
competent to the fall duties of the service, and if eight filters, seven of them must be competent to 
this duty, on the supposition always that not more than one filter will at any time be off duty. 
Should the circumstances in effect render two unserviceable, the remainder must have area enough 
to meet the requirements of the case. 

We see, then, that the smaller the filter beds — ^with the condition, however, that not more than 
one shall be off duty at a time — ^the smaller will be the total area of filtering surface required for 
the particular duty. The materials available for oonstruction, and their cost, will also measurably 
influence the dimensions to be adopted, and it must alwavs be borne in mind that although tiiere 
may be but one filter off duty, it will frequently happen that another is nearly unserviceable. It is 
therefore found best to give a liberal area of filtering surface, to be prepared for all the contin- 
gencies of the service. 

The bottom of the filter bed is prepared to suit the circumstances of its position. It must be made 
practically water-tight. This is tometimes ensured by laying concrete on the bottom, but quite as 
often l^ a layer of hard clay puddle 18 to 24 in. thick, over which a flooring of brick is laid ; where 
the ground is more than usually bad, both the clay and the concrete may be used with advantage ; 
when concrete is used the brick paving is not essential. Uiran this flooring a central drain, 
running lengthwise, is laid, with which are connected on either side small tubular drains of 6 to 9 in. 
diameter, prepared fur this purpose, the sides being pierced with holes to facilitate the entrance of 
the water. These side drains are laid neurly at right angles to the central drain, and from 8 to 12 ft. 
apart. The centiul drain is freouently a double drain, performing two offices — the lower part, 
which is covered, gathering the nltered water, and the upper pert, which is open, delivering the 
nnfiltered water upon the sand, when refilling a filter bed immediately after cleansing, and in use 
then only for that special purpose. This central drain is sometiroex of b'rick, and sometimes of stone 
covered witii stone fiagging, the side walls of the lowest 12 in. of the drain being in either case laid 
dry; the water-way for tliis sixe of filter should not be less than 80 in. wide by 15 in. of height. 

A little reflection will show that the lateral drains can hardly be placed too close toge^er, for it 
is desirable that the filtered water should flow to the collecting drains with as idow a velocity as 
possible ; and the furtlier these drains are apart, the greater must be the amount of water running 
through each drain. 

This drainage skeleton rests on the base of the filter bed, and becomes the meaun provided to 
collect the filtered water and deliver it to the outer passages or wells. Upon the flooring of the 
filter beds, and covering the gathering drains as well as fllUng up the intervening spaces, a layer 
of broken stones is laid, large shingle or quarry spauls. The stone should not be laner than will 
pass through a 4-in. ring, nor leas than will pass through a 2-in. ring, and they must be dean and 
nee from earth or quarry rubbish. 

The shingle so called is obtained in England from coarse gravel or beach deposits, and is 
screened to the size wanted. 

This layer of broken stone must be 24 in. thick to cover effioientiy the pipe drains. Upon this 
layer of stone properly levelled ofl', from 18 to 24 in. of gravel is laid. This gravel is usually screened 
into two or three sizes, the larger of walnut size, the next of the size of a hazel nut, and the third 
between that and |»ea size. The largest size lies upon the broken stone, the smallest size at the 
top, the layers 6 in. thick each. Over this gravel there is laid not less than 80 in. of fine sharp 
sand, screened to ensure tiie requisite degree of fineness and uniformity. The lower 12 in. may be 
a little coarser than tlie upper stratum of 18 in., but it is important that the two layers should be of 
uniform fineness and quality throughout, otherwise there will be danger of the water passing 
through more ropidly at one point than another. The whole depth of these materials amounts to 
five feet eight inches. 

From the ends of the pipe drains, as well as from the end of the central drain, small cast-iron 
pipes of 4 in. diameter, rise to the surfiaoe of the ground to enable the air to escape while the water 
IS oeing first let on upon the filter bed. 

In England the sides are usually paved with brick or stone to slopes of from 1 to 1 to 2 to 1. 
In North Germany the side walls have to be vertical on account of ice, and the depth of the water 
over the filter beds is not less than 4 ft 

In the worst stages of the English rivers a filter bed has to be cleansed once a week, rarsly 
oftener. The stuff, whether sediment or otherwise, intercepted by the filter, is found collected on 
the surface of the sand ; in the process of its removal, a thin paring of sand is necessarily taken 
with it, not exceeding from | in. to } in. in thickness. The impurities carried by the water are not 
found to have penetrated the sand. The paring of sand is usually cleansed and laid aside for future 
use, except when fresh sand can be procured at less cost than tiie washing of the old sand. The 
thickness of the sand bed is allowed to be reduced by these repeated parings from 8 to 12 in. before 
it is renewed. 

9 K 
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The original thicknev of 30 in. of aand beoomes then but 18 or 22 in. before it is replaced and 
brought up to the original lines. The renewal is usually made onoe in six months, aometimea but 
once a year, as the coiiTenience of the service; may permit. 

At each cleansing of the filter bed the sand is loosened by forks for some 6 to 8 in. ia depth, and 
afterwards raked smoothly over. 

The sand is liable to pack close if the cleansing is too long delayed. In such case the weight 
of the water is felt upon the saud ; in the usual state of the filter it in not so felt. 

The filter bed is usually filled with water from above by flowing it slowly upon the sand either 
from one point in connection with an overflow drain, or from several points on tlie side of the filter. 
It would oe safer and more convenient as regards getting rid of the air, to fill it from below by 
means of tlie drains there : but if thitt were done with the uncleaned water it would distribute its 
impurities all through the filter. Tne filtered water may, however, by suitable arrangementa, be 
made available fur this service. When the filter has been onoe filled it is not necessary to empty it 
entirely at each cleansing of its surface. 

Tiie lowering of the water 12 to 18 in. below that surfiioe will afterwards be sufficient to admit 
of tlie workmen removing the crust of sediment collected upon it. 

To ensure the perfect cleansing of the water by the filters as well as to prevent any ditsarrange- 
ment of the materials of which tney are composed, the velocity of movement of the water must 
be very slow. The average rate is i gallon a minute for each square yard of sand surface, which 
is eqiud to 3^ gallons an hour for each square foot of eand area of tlie filter bed. James Simpson, 
who may be said to be the originator of the method of filtering now in such general use in 
England, is of opinion that the filtering surface should be predicated on a rate of 72 g^dlons a day 
for each square foot of sand, which is eaual to 3 gallons an hour a square ftiot. 

When the fiow of water through toe system of filters durin<; the twenty-four hours cannot 
be made uniform, that is to say, when, as is sometimes the case (in the absence of an intermediate 
clear water busin), it varies with the consumption, being greater during the day hours than during 
the night honra, the combined area of the filter beds in that case should be made to meet the 
maximum or daylight consumption of the service an hour. 

The filtered water from each filter bed should be delivered into a small well, whence it escapes 
into the proper conduit, and is carried either to a common clear water basin, or directly to the 
pumps. The sluices at tliis well can be so arranged, by operating downwards instead of upwards, 
as to adjust the head of water actually in action upon the filter bed. When the filter is clean, 

9 in. of head will produce the required fiow tbroueh the filtering material; according as the 
sediment becomes oeposited on its surface, this head has to be increased to 2 or 2^ ft., varying 
a little with the character of the sand. If the head be allowed to exceed 3 ft., it is because the 
surface is being rapidly closed ;' the weight of the water comes then into play upon the sand, induces 
the packing already referred to, and leads to the labour of loosening up the material during the 
process of cleansing. Sometimes when this amount of head is exceeded, the pressure leads the 
water to break through at points where some slight difference in the material gives it opportunity. 
It will then flow through in veins, damaging the filter bed ; but such overstraining of the filters is 
rare. 

Nature^ FSten. — Bordering upon all rivers there are found, at intervals narrow plains of giayel 
or sand brought down and deposited there by the river under the varying positions of its cuinnel 
way. When these beds of gravel extend to a depth below the bottom of the neighbouring stream, 
they will always be found saturated with water mainly derived from that stream, and however 
turbid the water of the river, this underground fiow will always be found clear, provided that wo 
tap it at a reasonable distance from the channel way. 

Goyered galleries are carried through these beds of gravel at depths sufficiently below the 
channel of the neighbouring stream to ensure a supply of water within the gallery during the lowest 
stages of its water. The water in these gravel beds rises and falls with the height of the water in 
the river, and unless the galleries were placed below its lowest water they would obviously become 
dry and would cease to deliver at its lowest stage. These galleries are of various sizes and of 
various widths, 8 to 30 ft. in width being the latent practice. But the experience of one place will 
seldom bo applicable to another. The character of the neighbouring stream and the fineness or 
coarseness of the gravel or sand in which the galleries are placed, infiuence importantly the rate of 
supply. 

Figs. 7314 to 7317 are of the filtering galleries at the Toulouse water-works. The population of 
Toulouse is statocl to amount to 100,000 souls. The water id derived from the GkoDnne, indirectly, 
by means of subterranean galleries situated in a bank of gravel on the left bank of the river. The 
sources of the Garonne are found on the slopes of the Pyrenees chain of mountains, in the depart- 
ment of Ariege. The velocity of the river at Toulouse averages ordinarily 1 metre a second, or 
about 2} miles an hour. Immediately opposite the filtering ground the velocity does not exceed 
2 miles an hour, the dam erected a short distance below having modified importantly the current 
there. The bank of gravel and sand in whicii the galleries have been constructed lies within the 
city limits, but in wlHit may be called the suburbs ; the dense portion of the city lies below this 
point as regards the river, and upon its opposite bank. 

It is important to understand the relation of this gravel bnnk to the lowest stage of the Garonne, 
and to its ilood waters. The surface water of the Garonne at its lowest stage is recorded to have 
stood 433 ft., 132™ '09, above the level of the sea. The surfiice of the gravel bank referred to 
is on an average 136 metres, 446 ft., above the same level, or about 13 ft. above the lowest stage of 
the river. The river floods rarely cover this bank ; in long intervals, however, extreme floods set 
over it, and the one of 1832 rose to 451} ft., 137 '69, above the sea, covering this gravel meadow, 
therefore, with some 5| ft. of water. The rise of the river in ordinary floods may be taken at 8 to 

10 ft. In the highest flood on record referred to it rose to 18 ft. above tlie lowest water of the river 
opposite to the present pumping engines. 
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neoenarily kept perpetually at work, except as one wheel must be occasionally intermitted lor 
repairs. 

The new works inclnde a sufficient reservoir to defend the oity against aocidenta to the works. 
and to admit of tbeir more leisurely repair and examination. They are so ananged as to admit of 
the water being received into the lughest stories of all the buildinga 

The form and size of the gravel bed in which the filtering galleries are situated will be best 
understood by reference to Figs. 7314 to 7317. The deposit consists of gravel and sand of di£Eereiit 
degrees of fineness, its surface, however, covered with a thick bed of rich soiL The whole rests 
upon a compact tufii or marl, and the depth at which any filtering galleries can be laid is limited bj 
this impervious base. The sur&oe of the marl is situated here about 12 ft. below the low water of 
the river. 

As much of the body of sand and gravel lies below the level of the water in the river, it is 
saturated with water, and this water, although evidently derived from the river nnd its afflaenta, 
has passed through such a width or depth of material at a very slow velocity, on the wide plains 
above, that it has oeen deprived entirely of the matter which gives the muddy hue to the stream. In 
the filtering galleries, therefore, it is found colourless and limpid. ' Immediately under the bed of 
the stream, or in too dose proximity to it, this result would not probably have place. The first filter 
gallery or drain G D, Fig. 7314, was laid at a distance of about 60 mHres, 197 fL, from the bank. 
The liottom is situated only about 4 ft. below the lowest water of the river. The form is square, tlie 
interior width 1 ft. 8 in., the height 3 ft. The side walls were of brick laid dry, with a flagging stooe 
for the cover, and with no paving on the bottom. The bricks were laid dry and the bottom left un- 
covered, that the water miglit have free access to the culvert The inside of this culvert was filled 
up with small stones, probably to prevent the side walls, which were not in mortar, from being 
pressed inwards. The trench in which the culvert was laid was filled up again with the materials 
taken from it A coarse gravel was found at the bottom of the trench mixed with fiints. The 
gravel became finer as the depth lessened from the surface, and ended in a fine river-sand, covered 
ut present with from 2 to 3 ft. of soil. 

The length of this first filtering culvert is 656 ft. ; it is said to have delivered at all times clear 
water ; but the quantity was soon found to be insufficient for the demands of the oity. To increase 
the supply, a second filtering arrangement was projected and built, diilering somewhat in character 
from the first In this second case eleven wells ^, A, Fig. 7314, were sunk along the margin of the 
river, covering a distance of 300 ft They were carried to the same depth as the culvert, and steined 
up with dry brick. The wells were connected together by iron pipes, and from their lower terminus 
a connection was made with the pump well of the pump-house. The water from this second filter 
turned out bad, and it has consequently been for some time in disuse. 

A third filtering culvert c, «,/, was constructed on the same plan as the first, but larger. In the 
lower part of its course it is situated farther from the river than the first culvert, and in the upper 
part nearer to the river ; the length is 1476 ft. (450 metres). Like the first, it has always produced 
good and clear water. 

The total length of these old' filtering galleries (excluding the wells in disuse) is 2132 ft The 
growing wants of the city and the increase of its population rendered necessary a further and mora 
liberal supply of water, and a new filtering gallery has been constructed in the same bank of 
gravel. 

It will beVx>nvenient to note here the water capacity of the old galleries. This capacity is 
equal to 5000 cubic metres a day. The new filtering gallery is of larger dimensions than the others, 
and it is laid lower in the bed of gravel, and consequently has a greater capacity of drainage from 
the underground reservoir of the neighbouring plain, of which the particular gravel bcmk of these 
works may be said to form a part. 

It differs in other respects importantly from the old filtering conduits. Its contour is of mortared 
masonry, in this ca.<ie beton, of sufficient strength to defend it from the outer thrust of the material 
in which it is imbedded, and its interior is not filled with stones, but void, forming thus in itself a 
considerable reservoir of water. The water finds its way into the conduit from the gravel deposit in 
which it lies, in part by small earthenware tubes placed on both sides of the gallery, but mainly 
through the bottom, six-sevenths of which is left unpaved for that purpose, and where the clear 
water rises, therefore, from the coarse gravel which has place there. 

At every seventh metre a buttress is throvm across of 1 metre in width, and to this extent the 
bottom is impermeable. The surfaces of these buttresses, which are intended to defend the side 
walls against movement from the back thrust, do not rise above the prescribed level of the bottom 
of the conduit. 

The interior height of the new conduit is 8 ft. 8 in. (2™ -65), the width 7 ft. 6 in. (2«-30). The 
bottom is placed at 129" '45 (424*6 ft) above the sea, or 8 ft. 7 in. below the lowest stage of the 
river. It is therefore 4} ft. below the bottom level of the old galleries. The present length of the 
new gallery is 1180 ft. (360 metres) ; but the intention is to extend it gradually to double this 
length, or more, according as the requirements of the city may demand it. 

It will be observed that the new gallery is not based on the marl or tufa upon which the gravel 
bed rests, but is kept from 2 to 3 ft above it. This has been done to permit the water to percolate 
easily into the gallery from the bottom, where it is expected that the mass of the water will enter 
it, rather than from the side tubes. 

The dam in the river below the present pump-house produces comparatively still water opposite 
to the filter ground, and must encourage that kind of seaimentary deposit there, which the natural 
current of these rapid mountain streams does not admit of, except in eddies, and then only until 
the scouring operation of a heavy fiood clears the channel of such accumulationa But when the 
undergpround material of the plain, for some distance above, consists of an equally open gravel, it 
can be of little consequence that the river bottom, within the infiuence of the dam, should become 
comparatively water-tight. The water vrill, in any case, reach the filter galleries from above, and 



WATEB-W0EK8. 8077 

from ft wmowlut gna.Ua diitanoe, and the only effect would be to ndnce the nte of deliver; aome- 
wbat; and pethspB render » giealei Inngth of gtJler; neceaEMy. 

Waitr BtgxUator. — To ensure a oonatant disohaige of water from a leaerroir which has a head of 
mter TMTiDg continually,* water regulator is frequently oaed. Beveral methodB have been adopted, 
oueoftheinoat iDgeniouau that used at the QorbalBWater-woiha, near Glae^w. Fif;. 73IS repre- 
MDlas tmuverae BeolioD of this arraugement tlirougb the rednUtor-honse, showing the method by 



To the upper arm ia attached a oliain that passes over a, pulley, and is connected with e. oaat-iron 
oylindet or float D, that stands in the reservoir E, of slightly larger diameter. At the side of the 
entrouce door of the building is placed another oistem (i of cast iron, oloeed at the top and coin- 
moninting by a pipe R R with a vertical pipe H, wliich ia iu connection with the outlet-pipe, and 
passes up the slope of the embanhment to CAiry away any air that may aoaumnJate in tbe muin. 
The dstcm G is connected with the reaorvdir E by a pipe K, which supplies water to float the 
cylinder D. Now, it ia evident that the diech&rge from ihe reservo:r will be rei^lated by the poei- 
tian of the lever B, and this again will be coatrolled by the height of the fluat D. To regulate thii 
height the supply from the ciatem G must be self-adjueting, or be regulated by the amount of water 
flowing away. The float N baa attached to it a epindle, on which are Aiid two double-beat valves 
that work in the vertical part of the pipe E, ooe of which admits water from the cistern G into the 
CTlinder E, and the other allows the water to escape from the reservoir E. Kow, if the enrfcce of 
the water upnn which the float N resta ebould rise above the proper level, the float forces up tlie 
Htindle, c1osin;> tbe supply-valve from the ciitem, and at the s&jne time opening the lower valve. 
Thus tlie supply in cut off and the eocjpe opened, enablio^ tbe float D to fall. The sabsidence of 
the float closes more or less the flap-valve, and checks the discharge, in consequence of which the 
surface of tbe water falls, and with it the float H, which conHtqueutly opens the supply-valve, and' 
again admita water into the cistern E. Thus an almost perfect equuity between the consumption 
and the anpply-water is preserved. It woald appear tliat the same effect could be produce! by 
oonneoting the lever directly with a float on tlie surface of the water, hut such an arrangement 
would only apply when the pressure agaiost the flap is triflicg. 

Gcnend Remarkt.—la ftirangiog a main pipe from pumps, the pipes should have Becttonsl 
capacity sufficient to allow of the velocity in the main pipe not ezcceilinf; 2 ft. a second, as friction 
increases in pmportioa to tbe velocity, as is ahown by the law goveniine the debvery of water from 
pipes under pressure. Covered reservoir* and tanks should oe ventilated, and ul snpply-pipcs 
arranged in such manner as to allow of easy inspection and anbeequcnt repeira. fitop-taps should 
be plu!ed betwixt the main and the building in oJl oaaea, ao as to allow of isolation of any line of 
•ervioe-pipe for repairs. House serrloo-tanhs and leTTiae-pipes ought to be fiied so that ibo rooms 
cannot be flooded in case of leakage or overflow, and ready means of access to all tanks and cisterns 
most be provided to allow of inspcctiuo, cleansing, or repairs. Up-benda should not be formed on 
lines of main pipes or on servioe-pipes. If up-bends are inevitable, air^-valvea have to bo providod 
to let out tbe air at the up-bends. Bends at right angle* on pipes are to be avoided, and the pipe 
brongbt round in a curve inntead. 

In most towns it is necessary daring the sommer months to distribnis water over tbe streets in 
order to mitigate the inoonvenienee arimg from donds of dust, to cool the atmoephete, and to 
■Mist in flashing the draina. HydraDta, which can be also used to communicate with fitL--hose or 
•tand-poeta, are therefore attached at certain intervals to tbe mains ; and in estimatiiig the quantity 
of water required in anj partionlar town, tbe quantity required for tires and street- watering most 
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be taken into ftMoonl. tig*. TSIBa, 73ISb, b plun and teation of k rtreet-wataring appwatOB, fitted 
with ft water-meter. The weter ia edmitted fiain the nuull through the aluioe-oook, pawea throogtl 
the meter, and thence b; the iicn elbow ielo the atund-poat, from which it ia deliTeied into tba 



Pauley tTiifsr-tfvnb.— The folluwingaccouniof the watersopply ottbe towD of Faiale^.fiir whioh 
we are indebted to Alexander Leslie, will eene to iUnttnte tataj of the points we have alraMly 

enlarged upon. 

In tlie year 1835 powara irera obtained to bring in water, for the anpplj of Paialej, from the 
districts of Gleniffei and Hareluw, Fig. 7319, Ifing to the aoulh of the town, having r^ipectiTtlj 
drainage aieaa of 624 aoras and IGtJ acrm. The works were executed b; B. Thorn, who made 
careful ezppriments, eitendiaa; over a period of three yeAn. to tacertain the amnunt of water flowing 
from tlie Uleniffer district, b; meana of which the qnaotity actually available waa fonnd to be 
70,354,769 cub. ft. a year, wbich ia equivalent to 31 ■ 06 in. out of a depth of *6' 13 in. of rain over 
BnBTeaof27.tS9.063 8up. ft., leaviiig a loea by evaporetion and abaorptlon of 15'07 in. The whole 
of the water from the drainage area wna oot available for the uae of tlm town, aa one-fourth waa 
reeervi-d for compeiiaation to blench-fielda eitnnted on the nataral water-conr^'ee. Tliia amoimted 
to 22.267.735 cub. ft. a year, leaving 66,803,206 cub. ft. avaibible, being 1S3022 cub. ft a day, or 
127-1 cub. fL a minute. 

The works oonj^ist of a reservoir at Hatelaw, having a capacity of 14.2+8,000 cub. ft. with a 
oonduit leading from thence to Stanelr. where there are two other reservoirs one to act as a 
aubsiding pond, capable of holding 28,810,000 cub. ft. the other for clear water, with a capacit* of 
7,194,000 cub. ft, with regulating elniees for turning the wntcr into either. The open conduit 
between Harelaw and Stanel; ia the prinoipal feeder for the Stanely reserroiis; in its eoarae it 
intenvipta the bums flowing from GlenilTer brues. which are slnost all paatnre ground. 
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Tejed bj ■ iDuoDTT condait. ! R. by I ft. 6 in^ to Sltcn and • roTend took, on an elenUoa tX the . 
■anthem end of tbe town. The popoUlioD in 1853 wu about 50,000, m that the mpplj of water 
for Mch penon, inelnding mBnnfactoriei, was 22( gallooB a day. 
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The glowing irants of the town rendered it neoeBsary for the snthoiities to look oat for increased 
snppliee, and, after examining YariooB eonroes, the water of the Rowhank bum, which rises on the 
bordera of Benfrewahixe and Ayiahire, and which is one of the tributaries of Oastle Semple Lioch, 
was selected. The average height of the land selected for the resenroir is 500 ft above the 
Ordnance datum, rising in undulating ridges to 700 ft. at the watershed. The works have also to 
supply the town of Johnstone and the village of Elderslie, having together a population of nearly 

10,000 persons. 

The drainage area utilized by the engineer to the new works, James Leslie, contains 1220 acres, 
and is partly arable, partly pasture, and-j^ of the whole, amounting to 94 acres, is moorland, the 
water from which is rather mossy at times, but this is diverted from the store reservoir, maJdng^ it 
however available for compensation. Two rain-gauges were placed in the neighbourhood, of which 
a careful register was kept. One of these, representing the rainfall over 700 acres, was at Springs 
side, 540 ft. above the sea, and the other, the fall over 520 acres, at Muirhead, at a height of 490 ft. 
above the sea. It was thus ascertained that the yearly fall at Springside equalled 64*39 in., and 
at Muirhead 50*79 in. 

The quantity of rain fulling on 700 acres, the depth being 64-39 in., is equal to 163,614,990 
cub. ft., and on 350 acres, the depth of rain being 50 '79 in., 64,528,695 cub. ft. The average depth 
of rain over the whole area is 59*86 iu., or 228,143,685 cub. ft., and subtracting the amount mea- 
sured by the weirs, subsequently mentioned, 179,662,325 cub. ft., there remain for loss by evapcm- 
tion and other causes 48,481,860 cub. ft., which is eouid to 12*72 in. of the rainfall, leaving 51 - 67 in. 
available for the high ground and 38*07 in. for the low ground. There now remain 170 acres, 
with a rainfall of 38*07 in. to be added, which yield 23,492,997 cub. ft. of water a year, raisings 
the total to 203,155,322 cub. ft. a year. A stone reservoir was constructed at Nethertrees, on the 
Bowbank or Birkcraig bum, about three miles south-east of Lochwinnooh ; the water area is 100 
acres, and the greatest depth 35 ft. The pipes were constructed to carry 184 cub. ft. of water a 
minute, and the compensation water was fixed at 92 cub. ft. a minute. Storage was provided for 
180 days, or six months of this whole quantity, being about 77,000,000 cub. ft. 

To test the flow of water into the Bowbank reservoir four gauge-weirs were erected on the tribu- 
taries, and the water flowing over them was measured every day. These gauges were constmcted 
of battens and stakes carefully levelled and made water-tight, with a free overfall, and with sufficient 
still water behind to prevent inaccuracy from initial velocity. No. 1 was 5 ft. long ; No. 2, 2 fL 4 in. ; 
No. 8, 1 ft 4 in. ; and No. 4, 1 ft. The depths being taken, were calculated by the formula 
Q = 4 * 904 6 d I, where Q = cubic feet a minute, b = breadth in feet, d = depth in inches. The 
total flow a year over all the weirs was .—For No. 1, 129,484,049 cub. ft. ; No. 2, 38,359,063; No. 3> 
7,262,279; No. 4. 4.556,934; total, 179,662,325. 

A conduit, 6^ miles long, conducts the water to the Stanely filters, whence it is conveyed to 
Paisley by a l6-in. pipe. A branch pipe leaves the main 3 miles west of Paisley to supply the towns 
of Johnstone and Elderslie ; and a set of filters and a tank were constructed at Graigenfeoch for 
filtering the water supplied to those places. Another set of filters and a tank are placed on the high 
ground to the south of the original reservoirs at Stanely, with a branch pipe leadmg down to them, 
to make up any deficiency that may occur in the old works. 

To impound the water it was found necessary to construct three embankments, the largest of 
which is situated across the bed of the bum or stream at Nethertreea The first operation oonsisted 
in the formation of a by-wiwih channel, to divert the water of the Beivoch bum from the reservoir 
during the construction of the bank, as it was from this bum that floods were apprehended ; and it 
now serves for carrying the water of that bum past the reservoir, should it be at all impure owing 
to floods. When this was flnished the outlet-tunnel. Figs. 7320 to 7322, was proceeded with. The 

Surpose of this was, in the flrst place, to discharge the waters which would have accmnulated 
uring the construction of the bank, and to receive the two outk-t-pipea, one of which carries the 
compensation water, and the other the water for the town. The tunnel is 426 ft. long, a length of 
150 ft. of which, at the lower end, was open at first, and afterwards covered in, the remaining 276 ft. 
being tunneUed through rock. The interior dimensions of the tunnel are 5 fu 6 in. by 5 ft. 6 in. It 
has vertical side walls, and a semicircular roof. The whole length of the aroh was built of moulded 
brick. Where in open cutting the side walls were 15 in. thick, and the arch was built of the same 

7320. 7321. 7322, 





thickness, set in mortar, with a rabble-stone aroh outside, 9 in. deep ; and where in tunnel the side 
walls, for a length of 236 ft., were built of brick, and the space between the wall and the rook was 
filled in with dose-packed rabble stone set in mortar. A length of 40 ft. at the inner end, where 
the rook was friable whin« a kind of trap or green-stone, was built whollv of brick set in cement, 
the brickwork filling up the entire space to the rock. This portion had a brick invert varying from 
9 in. to 15 in. in thickness set in cement, the remainder of the fioor of the tunnel being natunl rock, 
dressed off as smoothly as possible. The rock varied in quality from what is locally odled Osmond, 
being like the hardest whinstone, to a soft grev, granulated, sedimentary substance, easily cat with 
a knife. It required blasting, and in some places the roof had to be supported until the building 
was finished. At the lower end of the tunnel is the sluice-house. Figs. 7323 to 7826, 10 ft. square, 
with an arohed roof 10 in. thick, and side waits 3 ft. thick, in which are placed three sluices for 
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Sluioe Hmu». 




«taw^ SbUVbU*. 





Smat,tf^amd. iabnrf -Standpipt 



aluii»«h*ft. This reoen ia 10 fl. 9 in. long by 5 R. 9 in. broad, with walls 2 ft. 8 in. thick. Kenm 
the liant an linteli 2 ft. 6 in. by I ft. 3 in. in section, and, again, in front of theae it a groove for 
holding a wooden ^nlinKi which may be replaced by atop planki when acceM to tlie tlnicea ii 
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required. Across the bottom, and 2 ft 6 in. above the floor, is a stone 3 ft by 1 ft. 9 in. in sectioD, 
on which stands the iron sluice-shaft, and below which passes the pipe oonveying the oompensataon 
water. For a length of 17 ft. at the upper end, the tunnel is of larger dimensions, being 7 ft 6 in. 
by 5 ft. 6 in., and tapering to 5 ft. 6 in. by 5 ft. 6 in.. Fig. 7331. This portion was filled up witli 
masonry round the pipes, after the embankment was completed, to make it water-tight; and round 
the up-stand,up to the level of the ground, it was filled in with clay puddle and covered with pitch- 
in^. Leading to this up-stand is a charmel 5 ft 9 in. wide, Figs. 7327, 7328, with side wulls varying^ 
from 2 ft. 6 in. to 3 ft 6 in. thick, with cross lintels 1 ft square to keep the walls apart, and the bottom 
is pitched with 9-in. pitching set on a bed of concrete 6 in. thick. The ashlar was procured from 
Shillford quurries, 4 miles south-east from the reservoir. Provision was made in the contract for 
filling up the tunnel with clay round the outside of the pipes, but this has not been required, as the 
solid masonry at the upper end is water-tight. 

The greatest depth of the principal bank is 60 ft. Fig. 7332, and the length 500 ft along the 

Stcttim- *^ 




top, which is 5 ft above high-water level, and 10 ft. broad. The slopes are 3 to 1 inside and 2^ to 1 
outside. The puddle is 8 ft. broad at the top, and increases with a batter of 1 in 8 on eacn side 
down to the level of the ground, from which point it diminishes to one-half that width at the 
bottom of the trench. The puddle-trench is <)2 ft. deep at the deepest part. To form a proper 
foundation, all soft material was stripped off the site of the bank, including a considerable accumu- 
lation of peat and silt at the bottom of the valley, which was excavated down to the clay or rock 
before the bank was commenced. The greatest depth under the surface of the valley was 17 ft on 
the outer, and 22 ft. on the inner side. During the excavation it was found that the mo^ on the 
inner side was so soft that it would not stand even with a modentely flat slope ; and it was also 
threatening to cause a leak in the temporary bank across the valley. To obviate this, and to enable 
the mois and silt to be readily cleared out. a riiw of piles was driven at the inner toe of the embank- 
Tuent The broken nature of the rock forming part of the puddle-trenoh rendered it necessary to 
excavate tiie hills on lK)th sides to a considerable depth. 

The materi tl for the bank was found on the site of the reservoir, and consisted of clay, which, 
when mixed with the rook taken from the excavation of the puddle-trench, formed a good and snb- 
st iBtial bank. To facilitite the work a short tramway was laid from the north end of the bank to 
the place where the materials were procured. The wagons were worked by a small locomotive 
engine), and the btufi^, having been tipped on a loading bank, was removed in common tip carts. The 
bunks were then formed with a slope inwards towards the trench of 1 in 12. Care was taken to 
spread all stones and keep them separate, so that eartliy matter Uiight fill up the interstices. The 
layerd, each 6 in. thick, were pressed and trodden down by carts and horses passing frequently over 
them, and were pounded vdth beaters where the carts could not work. No plankH or rails were 
allowed in forming the banks, and in dry weather water was poured over the whole surface to make 
it settle. 

The wagons for oonveying the puddle were also worked by the locomotive engine. A staging, 
carrying r.iils, having been formed along the side of the trench, the wagons ran along it by their 
own gravity, and tlie clay puddle was tipped into the trench ; it was then spread in thin layers, 
misted with water, and properly cut and worked up by being tramped on by navvies. After under- 

going this process, it formed a compact niass quite impervious to water. When the slopes of the 
ank had been made, and had settled, the inside slope wns covered with a layer of broken stones, 
over which was laid pitching of hard blue whinstone. On the outer slope, and on the top of the 
bank, was laid a layer of stones 3 in. deep to keep out moles and rats, over wliich a layer of soil was 
dressed off, and sown with rye-grass and clover seeds. The natural dopes between two of the banks 
were pitched with rough pitching, set on a layer of broken stones. 

The otiier banks were formed in the manner already described, but they were of smaller dimen- 
sions, one being 230 ft. long and 14 ft. deep, and the other 815 it long and 18 ft in depth. 

The waste weir at the south end of the large bank was 40 ft. long, bein^ at the mte of 1 ft in 
length for every 30 acres of drainage area. The side walls are 3 ft. high on each side of the weir, 
and the channel, which has a gradient of about 1 in 6, has been cut out of the solid rock, with a 
width at the bottom of 10 ft. 

It was originally intended to strip the entire surface of the inside of the reservoir, as the presence 
of vegetable matter was considered objectionable : but the cost led the operation to be dispensed 
with. The quality r.f the impounded water, however, has been decidedly aeteriomted by the omis- 
sion of this operation. When the bank and waste weir were finished, two parallel lines of 21-in. 
pipes were laid through the tunnel ; at the inner end one was connected to the bottom of the 
cast-iron np-stand shaft, and the other passed under the stone carrying the sluice-shaft, and was 
bolted to the sluice for giving out compensation water. The space under the stone was then built 
op. These pipes, which were in 12-ft. len^hs, were lowered by a crane on a bogie at the sluice- 
house end of the tunnel ; a tramway having been laid through it, the pipe was then run up to 
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the plaoe requixed, and iHmd on the bogle, it wu used as a ram to driye the preoeding pipe tight 
home. 

The alnioe np-stand, in the h on e nh oe reoess. Fig. 7327, ie made of cast iioiL It ia 2 ft 6 in. in 
interior diameter, of |-in. metal, cast in five pieces, with flanges bolted together. It is about 35 fl. 
high, and there are four slnices at different letels. The sluice openings are 17 in. square, and axe 
fitted with double brass faces. The pipe for the town supply is connected with this cylinder, and at 
a lower le?el is the pipe for the compensation water, with ib» rod for working the sluice on the end 
of it, passing up in front of the iron cylinder. The sluices are worked by a movable brass nut 
working on a 2f-in. screw. The compensation water is discharged into the bum or stream, across 
which is placed a gauge-weir to measure the amount of water. The water for the town is diMsharged 
into a cast-iron well, with an OTcrflow to take the pressure off the clay pipe whidh leads from it 
towards Paisley. 

The total length of pipe track from Bowbank reservoir to Stanely is 1 1,126 yds. For a distanoe 
of 3872 yds. this track has a gradient of 1 in 700, and is laid with 3021 yds. of 21-in. clay pipes. 
76 yds. of iron pipes in moss, with a few iron pipes at the bum crossings, and there nre 765 yds. of 
masonry aqueduct where the track is in deep cuttiujr. Tlie second portion of the track ia supplied 
with cast-iron pipes, of which 8286 yds. are 18 in. in diameter, and 367 yds. 16 in. The third 

Sortion has 16-m. clay pipes for 2700 yds., laid at a gradient varying from 1 in 140 to 1 in 70, and 
00 yds. of iron pipes. The portion from Stanelv to Paisley, 2895 yds. in length, has 16-in. iron 
pipes. The pipe for supplying Johnstone and Elderslie leaves the 18-in. main near Graigenfeoch, 
and is 8 in. in aiameter to the filters, from thence it is 10 in. to Thome, from which place there is a 
branch to Johnstone 8 in. in diameter, and another to Elderslie 5 in. in diameter. The track for the 
pipes was excavated 1 ft wider at the bottom than the exterior diameter of the pipe, with slopes 
varying according to the quality of the material ; opposite each faucet a clear space of 6 in. was left 
all round, to permit of the proper jointing: of the pipes. When the cutting was in rock, the pipes 
were laid on a bed of earth 3 in. deep. Where the day-pipe track was through a porous matenal, 
the pipes were surrounded with clay puddle 12 in. thick. The clay pipes were jointed in the following 
manner : — Two strands of rope-yam, steeped in thin cement, were wrapped round the spigot ana 
calked in after being inserted into the &ucet ; then the remainder of the faucet was caref^y and 
closely filled up with cement, which was bevelled out from the end of the faucet along the outside of 
the pipe, with a slope of 1 to 1, and when practicable, as in the case of the 21-in. and 16-iu. pipes, 
a b^was sent in to point, the inside of the joint with cement. 

Wiierever there is a constant (all and no pressure on the pipes, says Leslie, clay pipes should be 
found to answer the purpose well, provided sufficient care is taJcen in selecting tht«e perfect in form 
and without cracks or fiuws. especially at the neck where the faucet is fastened on to the body of the 
pipe, and where a crack is likely to be found. Care mnst be taken, too, that tirey are properly jointed, 
and that the thin cement is not shaken out of its place during tiie operation of refilling the track, a 
probable result if it is done before the cement has had time to set Above all, they uiould not be 
laid in too deep cutting, as the superimposed material is certain to break and crush them ; nor 
should they be subjected to any pressure from a head of water. 

Tlie great fault found in the pipes was a liability to crack at the junction of the faucet with the 
body of the pipe. A method was devised in order to test their soundness, when tliat could not be 
ascertained by ordinary inspection. The pipes were placed on a wooden platform, with the faucets 
downwards, and inserted in a thin bed of clny carefully worked so as to l)e water-tight The pipes 
were then filled with water obtained from a pit close by. With a head of 3 ft. of water some of 
them were found to leak, though the greater number were perfectly tight The cracks in those 
which leaked were carefullv pointed with Portland cement inside and outside. When the cement 
had set they were again subjected to the water test, and for the most part they were now found to 
be water- tight; tliose that still leaked were rejected. 

Where dav pipes were used in cuttings above 9 ft. deep, a relieving arch of rough rabble was 
fbrmed over them to protect them from crushing. Where the depth of cutting exceeded 12 ft., a 
masonry aqueduct was substituted for the clay pipe, the sectional area of which was 3 ft by 2 ft.. 
Figs. 7333 to 7335. The soles were of pavement about 3 in. thick, which was set flush in mortar 
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on a bed of levellmgs and well pointed. The sides consisted of ptirapet ashlar, pro^-ured from 
Shillford quarries, 9 iu. broad, with the faces scabbled and the backs left qunrry-faced ; and the covers 
were of pavement from 8 in. to 5 in. thick, with a rest of 6 in. on each wall. Where part of the conduit 
was in treacherous ground, the soles and covers were checked, so as to keep the walls apart should 
there be any tendency to force them together. Great care was taken in filung the space oehind the 
ashlar with day and soft material, and a depth of 1 ft. 6 in. to 2 ft. of earth was placed on the top of 
the oovers to protect them in filling in the cut, which in most cases was in rock. Where the tiaok 
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pasBeB under streams an iron pipe is substifcated for the day pipe. This is built round with rubble, 
over whid^ is placed hammer-dressed pitching 10 in. or 12 in. deep, and in the centre, over the pipe, 
pavement is laid of a thickness and extent depending on the size of the stream. One stream is crossed^ 
by a bridge of 16 ft. span, Figs. 7336 to 7338. The aroh stones are 15 in. deep, and the side walla 
are tied together with bond stones with a hold of 12 in. at each end. 

733S. 
BRIDGE OVER STREAM CARRYING MAIN PIPE. 
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The clay pipes were of the following dimensions, all being 3 ft. long, 
exclusive of tne faucet; — 



Internal dUmeter. 
12 in. 


ThMoMM. 
I in. 


Depth of fauoet 
4 in. 


15 „ 

16 „ 
21 „ 


1 ,, 


4 „ 

4i„ 



7337. 
tJurntaft 



The faucets are of 1) in, greater diameter than the outside of the 
pipes, and are \ in. thicker than their bod^ ; the shoulder is \ in. thicker 
than the body of the pipes, and both spigot and faucet are grooved to 
make them hold the cement. 

The iron pipes were 12 ft. long exclusive of the faucet. The prin- 
cipal dimensions and weights of these pipes were as follow;— 





Interior 
Dtemeter. 






Thicknen 

of Bdyof 

Pipe. 



inchea; 

5 

8 

8 
10 
10 
16 
17 
18 
18 
21 
22 



fe^t. 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



feet. Inches. 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



inch. 



4 


i 


4 
4, 


1 


4 


t 


4 


4* 


i 


i 


4 




4 


* 


4 


« 


5 

5 • 


? 



Weight of each Length. 



cwts. qra. Ihs. 

3 15 

5 1 26 

6 15 

7 2 6 

8 1 13 

14 1 5 

15 16 

16 

17 1 15 
20 22 
26 18 



The pipe-joints were, for the most part, turned and bored, and the pipes were laid in the follow- 
ing manner ; — The spigots were wiped clean, and were coated with fresh Portland cement of the con- 
sistency of paint maae up immediately before being used. They were then inserted into the faucets 
and the pipe driven home by repeated blows, in the case of the smaller pipes from the wooden 
mallet, and in that of the larger pipes with the next one slung as a ram, in whi<m case a piece of wood 
was interposed to keep the iron from striking iron. The lead and yam joints were made after the 
spigot was inserted, by calking the faucet hard with sound rope-yam up to within 2^ in. of the out- 
side, and filling the remaining space with melted lead, whicn was hard staved so as to be water- 
tight. 

The pipes were tested with the pressure of a column of water, which for a pipe 
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5 in diameter and | thick, was 600 high. 
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600 
300 
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17 in diameter and f thick, was 300 high. 
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18 
21 
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300 
400 
300 
400 



91 
11 



While under pressure they were repeatedly strack with a hand hammer, and any pipes sweating 
or leaking were rejected. The uniformity of their thickness was also tested by calipers designed 
for ttie purpose. 
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lie Biipplj of Johnatono and Eldenlie, wen oenitniatad n( 
Jia unk wu 30 (t. bv 2f! ft. uid lA ft. diwn. 



Two lllten, Figa. 7399 to 7341, for the nipplj of Johnatono and Eldenlie, wen oc 
aigBofeuoh, Moil 45 ft. bj 32 fL, ftnd the lank wtw 30 (t. by 26 ft. »ad 13 ft. deep. 
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Fig. 7312 iBBBsction of the feed-pipe; Fig. 7343 k aection of the feed-tiangh ; Fig. 7344. iBctun] 
nf the iiJet pipe and tmuKli ; Fig. 7345, overflow-pipe for filter: Fig. 7346, reguIatiDg tluiee; and 
Fig. 7347. typBMBlnirefDrflltef; Figa. 7348 to 7351, ontlet-alnioe for town-pips, witli BCreeD. 

The walls of the filters and tank havo & fonodaticin cotine H in. tliick, and are built of good Bat 
mbble bedded in mortal, and the face stones of tlie tank nod of the filten aboTe the level (^ lbs 
vnd are of obisel-dmntchted ashlar. The tank walls are S ft. 6 in. tbiok, at the level of the plat- 
form, and the filter walls are 3 ft. thick : both have a batter on the imide of 1 in IS. 

As the eiCBvation consisted for the most part of pnrou? rock, the whole area of the buildinsc wa« 
well granted with oinrtar run into every crevice, and the floor of both fillers and tank, including hair- 
way through the walls OTer the fnunilatinn course, was covered with a layer of ciean giav^ 4 in. 
thick, grouted flush with Portland cement. The retaining wnlls were brought np with a void of 
4 in. in the heart, with two dovetailed recesses t" form a tie opposite each other 12 in. by 6 in. bj 
6 ill. for every square yard of surface. These voids were filled witli clean gravel in layers of 6 in. 
connected with the concrete of the flnor. and each Isyer was grouted with Portland cement. The 
reeolt was an escellent water-tight wall, Die only objection being tiie coat, which was high. The 
floor of the tank was covered with piivenienl .T io. thick, 'aid flush in tnoMar and pointed with 
cement, and an area o( 6 sq. yds. nnder the inlet-pipe waa laid with ashlar 9 in. deep, calked on 
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12-in. clay pipe along ths centre, wilh 
bnnchesftnd 4-[n. iTosa-pipra laid with 
open jointa to admit t&a water, and 
with an iron air-pipe at tlis end of eaoh. 
T]]e flltaririK material oonaiats of a bed 
2 ft. deep of co«rse graTet, amalt enoi^b 
to go tbrouKli a 2-in. ring, but not 
throagh a }-ia. riag; the upper surbce 
U In ridges and furrows 6 in. deep, and 
■ over Ihat ia a layer 6 in, deep of clean 
giBTel which will go through a J-iii. 
screen, but not through a H-iu. acrci-n ; 
over this ia a layer of glate chipping» 
6 in, de^, then a layer of coane eand 
6 in, derp, and lastly a bed 18 in. thick 
of Qoe clean sharp aiiid, dressed into the 

Erescrlbed form of ridgou and furrows, 
jg. 7341. The water is admitted into 
the ^ters by feeding irouglis along tlie 
side farthest from the taok, fiom wiiioU 
it passes through sluices and feediirg 
che>itsintothefeed-pipe,aiidiad>^livered 
hoot a trumpet mouth at the level of 
the saod, winch prevenls an; distutb- 
anne of the fllteriug material 

The roof of the tank is of wrought 
iron with X bai' rafters and struts, and 
round tie a'nd siispensioa rods, 6 ft, 
apart, braced diagonally, resting on 
and bolted to a cast-iron nnll-plnte, 
and having |_ lathes 81 in. apart for 
tiieslntes. The slates, which ore Welsh 
seoonds, 20 in. by 10 in., are fastened 
on by copper wire to the latliea, ovet< 
lapping 3 in. 'I'lie mortar employed 
was Arden lime well burned aud 
ground, mixed in the proportion of two 
and a half parts of time to two of sand 
and one of mine dust. The high-level 
Altera acd tank erected at Btanaly are . 
of IhefoUowine dimensions; three filter 
beds eaoii 30 ft. by 60 ft., ami a lauk 
138 ft. hy 38 ft. and 14 ft. deep. They 
are oonstructed on the same principle . . 

as those above described, the only dif- 

farenco beitig ti.at the walls of the tnnk are 4 R, 6 in. thiok at the top ; all the walls inaide batter 
1 10 10, but r"r .■connmy the concrete groove was dispeneed with, and on tlio outside of the walla 
clay puddle was substituted for it, 

Worky,hai«gto WaUr Supply ;—• Report by the General Board of Health on the Snpply of Water 
to the M.dtH>p.>liB, flvo, 1B50. Kirkwood {J. P,), ' Beports on the Use of Lead Pipe lor Servioe 
1 ipe m Uie Distribution of Water for Cities.' 8vo, New York, 1859. ' Distribution de I'aiu potable 
danalasFontalnosetdanslesMaiBonspartioalifefesdeBetlin.'iniperialfolio. Berlin, 1860. Domont 
(A.), ' Lee Eanx de Lyon et de Paris.* 2 vols. 4to, sewed, Paris, 1862. Mnrin (A.X ' Dos Maobinea 
etappareiU deetin^ ^ I'flevation d. s Earn,' 8vo, Paris, I8G3. Gale (J. H.). 'On the Glasgow 
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Water-works,' 8yo, Glasgow, 1864. Dupuit (J.), * Traite th^rique et pratiqne de la conduiie et de 
la distribution' dea Eaux/ 2 yols. 4to, Paris, 1865. *The Brooklyn Water-works and Sewers, 
a descriptive Memoir/ 4to, New York, 1867. Colbom and Mawe, * The Water-works of London, 
8vo, 1868. Kirkwood (J. P.), * Report on the FUtration of River-water in Europe,' 4to, New York, 
1869. Chapman and Wanklyn, * Water Analysis, a Practical Treatise on the Examination of 
Potable Water,' crown 8vo. 1870. Hugliea (S.), ' On Water-works for the Supply of Cities and 
Towns,' 12mo, 1872. See also numerous papers in the ' Minutes of the Institute of CJivil f^gioeers.' 

WEB. Fb., Core; Geb., Uewebe; Ital., Costoia; Span., Ifervio, 

A web is a thin yertical plate of metal connecting an upper and lower part or table of a girder. 

WEDGE. Fb., Com; Ger., Keii; Ital., Zefy)a, Cuneo; Span., OuHa, 

A wedge is a piece of metal or other hard material, thick at one end and sloping at the other to 
a thin edge, used in splitting wood, rocks, and the like; in raising heavy bodies, and for similar 
porposes. See Mechanical Powers. 

WEIGHING MACHINE. Fa., Balance; Geb., Tafehoage; Ital., Macchina da pesare; Span., 
Mdquma para pesar. 

See Balance. 

WHEEL AND AXLE. Fb., Houe et Kssieu ; Geb., Mad und Achte; Ital., Aue neUa ruota ; 
Span., Jiwda y eje. 

See Mechanical Powers. 

WOOD-WORKING MACHINERY. Fb., Machmee a taUier U boit; Geb., ffotMvenoMtwtga" 
Maadiinerie ; Ital., Macchtne da lavorare il Uijno ; Span., Maquinaria para iabrar nytdera. 

Next in rank to machine tools directed to metal working, machines for wood working are most 
important among those employed in industrial manufactures. As a material, wood enters largely 
into tlie construction and often forms the greater part of permanent structures, such as buUdings 
and bridges, and in carriage nianuCacture, for both roads and railways : while for furniture wood is 
almost exclusively used. In ship-building, even in what are called iron ships, a large share of the 
material employed is wood. The elasticity of wood, and its rigidity compared with its weight, 
adapts it to many uses, for which no other material seems to be fitted ; even the permanent way of 
railways rests on wood, witenever it can be obtained at a cost that will permit its use for the purpose. 
The number of persons engaged in wood manufacture, including joinery, ship-building, oar and 
carriage making, and furniture manufacture, is greater in civilized countries than the number of 
those connected with the converdiun of iron or textile substances, and with these two brunches of 
industry excepted, wood mioinfacture is by far the most important branch of technical industry we 
have. 

Wood, unlike metal, is not malleable, or ductile ; it cannot be moulded or compressed into shape, 
but all forms made of wood arc cut from blanks whose external dimensions will cover the finished 
object ; bending, which is practised to some extent in the manufacture of light carriage-wheete and 
similar work, forms an exceptiun to this rule, but is an inconsiderable part of the processes employed 
in wood converting. 

The wood working begins with felling trees in the forest, an operation that is performed maiuly 
by hand, all attempts thus far to construct felling machines for the purpose having proved unsuc- 
cessful, a result attributable to the necessary portability uf buch machines, the incessant adjustment 
required, and the danger of destruction fiom falling trees. 

The first operation in wood working, after the logs are prepared, is forest sawing or slitting 
the logs into ri ctangular sections, called deals, scantling, plank or boarda ; deals, when sawed 
merely to reduce the timber to such dimensions as to allow it to be handled and transporti>d; scant- 
ling, when the pieces are of a square section, or nearly so ; pUinks, when sawed to final dimensions 
that exceed 1 in., and are less than 4 in. in thickness; and boards, when tho thicknesa is 1 in. 
or less. 

The machinery for lumber manufacture is called by the general name of mills in North America, 
a name that has no doubt been adopted from sawing maohiuerv being in most cases operated in 
combination with nuichinery for grinding grain, each supplying the local wants of a neighoourhood, 
the sawing and grinding machinery being driven by tne same motive power, and frequently both 
are erected in the same building. 

Lumber suwine machinery can be divided into three classes, consisting of reciprocating saws, 
rotary baws, and band ^ws. The extent to which tlie different dussea are used being in tho 
order in wiiich they are named ; reciprocating saws being most common in America, and almost 
exclusively u»ed in Kuropo fur lumber cutting. Fig. 7352 is a perspective elevation of a recipro- 
cating lumber saw by Arbey, of Paris, arranged to receive a greater or leas number of blades, as the 
nature of the work may require, a is a stn>ng rectangular frame, in wliich the saws are strained 
and adjusted. This fiame nas a reciprocating movement of 20 to SO in., imparted by the crank- 
wheel and connection seen in front. The log is mounted on the two carriages 6, 6, which are fed 
along by the spur-wheel and pawl gearing at the side, the fet-d movement being intermittent and 
contonant with the reciproeating motion of the snsh or saw-frame a. 

In some machines of this dass rollers are nsed for feeding, so that the logs pass throu|;h con- 
tinuously one after the other ; such mills are called gang mills, and may be arranged with auy 
number of saw-blades; the driving shaft can be placed on top of tlie main frame c, or a steam 
cylinder may be connected directly to the saw-frame a ; the general principles of operation, however, 
remain the same. 

Muley mills, a variety of reciprocating lumber saw-mills, are used in North America for many 
kinds of work where accuracy of the lumoer is an object, and sometimes b^ preference for reguls[r 
lumber manufacture. These mills operate with an unstrained reciprocating saw supported by a 
light cross-head at each end, and by lateral guides at the sides of the blade, that come close to the 
top and bottom of the log, so that the saw is kept rigidlv in place both in entering and leaving the 
wood. The saw-blades used in these muley mills are from 10 to 12 in. in width, and of unusual 



3088 WOOD-WORKIKG MACHINEBY. 

thiokneH, in WilBT to teoDnthareqmiedrigiditv, andtoaiutain th«it(uii(iftlMap4tnk»^r 
fftllfl on the nw-blade. The speed of these milli ia from 300 lo 400 itnikM b minata, and I 
performuioe, adde from the kerf waite, u kll that can be deairad wiUi a liiigle blade. 




The feedfiiK ilpviceB. log cairteire, «tid other ^ptetla. bpp Bimilar to those in other ■aw-milli, the 
fMdini mov^mmit licir«t (tenemlly oontinnoui. and not intermittfinf na with enng rai!l». 

Pig. Wi3 is a tinilier saiting: maebine amn;^ with rotury mm, hy Allen Rnnnoree and Co., 
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or I/mdoTi. Macliinoe of thU kind are exIenBiTel; used in Amerim, where the fMue of timber is 
not bO great as In Kiui>|h.', bqJ the loss of the kerf by reiifou nf the Ihicker sawa reqninxl is not 
such an objeeL The eaws not being' Bupported hy tentiion, and Ihcir rigidity being depindcnt upon 
tlje thicknetis of the saw-plate, when of large dlamoti-r should be mailc i in, or more in tliickneas, 
wbioh nith a wiile eet, wasleii from A in. to f in. at eaob cut. In I<'ig, 7353, a is the main taw, and 
b a top saw which is used when Ihe depth of the timber exceeds the rapacity of the saw a. Tlie 
Ir>p saw 6 is supported on the cnst-trun standa d d, and is driven by a belt connecling the spindles 
of the two saws at (he back of tlio ttiindan] d. s is a lon^ rifcjprocating carriage coirjing tho 
log m; this carriage is operatfd by tho 

gi ariDR seen at n, which roctivcs motion *^"' 

from tlio spindle of Ihe saw -i. The log m 
is nOJiisted latently to tho saws b; tlie 
two i>lsDdBrdac,c, operated byBcreweaud 
the tan);enl-wlici'ls 0,0; 9,1, are dogs or 
hooka tlint are driven into the log to pre- 
vent it frum rolling ; C lb a flnnged disc, 
toclinicnlly Colled a aprmdor, thnt stands 
in line with the naws, ami acts as a wed^o 
to keep the pieces Bepurateil. and prevent 
them from ckmpiiig thu saws. 

Fig. 7:151 is a front elevation of a 
land sawing machine for rawing tiintiT, 
by nichards, London, and Ki lly, Fliilo- 
dolphiii. a is a strong cost-irou column 
with which tlio wheels A, b, are connected ; 
B is tlie saw ; dfd, d, are guides to steady 
and support the saw ; e, the log being 
sawed; and /, a reciprocating carriage, 
similar in its action to the one lart de- 
tcriijed; the upper guide d is B<)justeil 
up or down bymeans of tJie band-wJioel ^ 
to suit Ihe depth of the logs bring saweil ; 
A is a shaft transvers? to the axis of tho 
saw-whocls need for ilriving the foeding 
gearing, hauling in loga, or olhir purposea, 
as may be required. The top whcM haa 
a vertical adjustment on the column n l.y 
means of the screw 1', and re^ts on springs 
llut equalize the tension of thesaw-blailc, 
and piovido for the expansion and con- 
traction of the saw caused by changis of 
temperature during the intervals of cut- 
ting. The mnchiuo ftd here arranged will 
receiveaawbiaiieaSOft. long toOiu. wide. 

Band aiws waste but little kerf in 
lumb. r cuttin);, arc callable of tensjna like 
TcciprocBtIng saws, and can be dtivcn at 
ahigliur rate of speed than rotai? 
saws. The ei]>crtenoe In their 
use iiDS, however, not been su£Q- 
cient to meet the difficulties that 
arise in their operation, nud tho 
skill requircnl to maua^ them is 
BO great that tlieir general em- 
ployment, as in the case of largo 
rotiry saws, muat bo a work of 

After timber cutting, the next 
process, for such lumber ns re- 
quires to bo reducwi In less or 
more exact dimensionB, is second 
sawing, or resawing, which is 
performed on machines tliat oor- 
tespoiiil in most renpccts to IhciM 
iiswl fnr limber culling, execpt 
tliat ttiu machines are nut so 
hcnv}'. and are driven at a higher 
mie of spn^l, Renawing is per- 
formed with reciprocating, rotary, 
and band saws, hut more espe- 
cially with reciprocating sawg, 
wliero by tho nse of a largo n um- 
ber of hlides the aggregated cut- 
tingmovement nf thu saisB taken together may equ 

Figa. T355, 735tj, Teptesent front and aide eli 
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ir-frameB and mdepeodent feeding devices, «o tb»t Ivo deala ot planks 
The two frames are used with tbe furthei object of balancing eaob 




other, b? having the cranks act opposite, and thne avoiding the jar and vihralion that ia inaepsrabls 
from reciprocating mnchines. This is partial); accomplished as the weight of tlie r<cipmcatia^ 
parts approBCli one plane, and altliou^h the object toueht in sticrh a compounded machine is not 
fully attained, yet a great deal of the vibiaiion is avoided. Tlie feed in tliis machine is iDtermtttcnt, 
and operated by the devices shown at a, n, wbiaU will be understood from Fi^s. Ti5^, 7H56 ; A is 
a dial which is forced through tbe macbino by tbe fluted rollers i;,c; on tha top of the deal there 
are pressure rollers e, «, held duwn by the levers and weights i, i : the crank-abaft is mounted in 
bearings cotmectad with the main frame, end driven b; tbe puUeva at n ; o, o, are forked conneo- 
tions that pass up at each side of the savr-framea, and are atlaclied to studs at the sides. 

Figs. 7337, 73SS, are of a butd sawing machiae airanged for resawing. The main staodaid a i» 




of cast irou, standing on and bolted to a strong' Fole-plale h; tha shaft of the lower vhe 
in brackets bolted to this sole-plate, which is made large enough tuconslitutc nbase for the madunei. 
Tbe top wheel d is mounted on a movable saddle t, that sliiies up and down njion the face of tba 
standard □, and is moved by means of a screw e, and hand-wheel /, connected by bc-vel gearina 
iiuide tJie arm or bracket n; g iBadealor|>t.ink fed to tbe saw A by means of the rolk i,i, wbioE 
are driven by gearing beneath the platen o, and are pressed together by tie lever and weight at e. 
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The feeding meoluiuBiD is nil mouotad on and supported b; the stand m, trbioh can ba muTsd to 
or from the saw aa required. These feeding devices and tbe table o on which they are mounted 
can be set at various angiea bj means of the concave seat seen at x. The saw-guides are carried 
on the two Iron bracketH n', n, the top one baring a vertical adjustment on the fai?e of [lie oolumn a, 
to sci*omi]iodate iunibor of various deptliB : p ia a weight to counterbalance tlie top guide bracket 
n, so tliat it will stand at any point without faBtaning. Tlie teosioo of tho saw, as in the larger 
marhiiio for timber cutting, falla on fleiible apringa. The sawa used on tiiis machine are 30 ft. 
hiug and 3 in. wiiie ; Ihfy are given a cutting movemeut of 5000 ft. a minute. 

Circular aawa arii not much used fur resawing, except wlien tlin pieces to be cut are thin enongh 
to bend end nliow a wpdge-ahopiii b.iW to he employed, hs in aawing venccra or sealeboards. 



bend end nliow a wpdge-ahopiii b.iW to he employed, as in aawing venccra 
* of parallil thieknos:', aulBcienlly rigid to peiform riganing in dry lumlx 
■at waste by reason of the herf ; beaiiita, circular saws are more difBcult to ' 



bor, would o 



operate in resawmg 



great waste by n 

than either reciproratini; oi 

Fi>r I' utting lumber into small pieces and to dim elusions, as it is called, bench aawi are used, 
consibtiDg of a bench or frame with a flat top, and a rotary saw mounted as in Figs, 7359, 73tiO. a ig 
the main frame which is, with tlie top, cast in one piece; b the gauge to guide the lumber and 
determine tlie Ihickness of the piece cut off; thia gauge b is balcned to a stiff bar planed ti fit into 
a dovetailed groove extending aoroas the top of the main frume, tbe gauge being held flrmly by 
■leel dowet-pins. The gauge b is arranged to be eet at any angle up v °"° '~- — '"-- *-—' 
pieces: there is also a oountersliaft to ii ■■ - .. . — 

the machine by » shifting belt 



it at any angle up to 30° for cutting 
n f^im the line sliafling, and to stop or 



Ivby 

bent 




Fig. 7361 isa ww-bencb arranged for both alitting and cross cutting: the gauge a a used in 
■litting. and can be removed while the IraverBing table is need for eroas cutting. The saw with the 
mandrel and pulley is raised or lowered by mean* of a eliding frame ofwrated by the winoh c, so 
that the saw may be projected through the top of tlie bench to any height required, and witnio 
its capacity. Thij armngement ie naud for cutting grooTea or rebates, and in any case where the 
■av is to cut to a upeeiBr. depth. 

Macbinea for eroes cutting lumber transverse to the fibre are generally distinct from machlnea 
used for slitting, and may 1« divided into two classes ; one in which Ibo saws are moved to Ibe 
material, adaptnl to the heavier kinds of work, and tbe other when the wood ie moved on car- 
riage and Ibe saws stationary. 

Fig. 7362 fbows a cross-cutting saw of the flnt class, with a movable «a« a, which is mounted 
m a saddle that slides on the projecting standard b. This standard ii arranged to adjnst up or 
down npon the solo-plate c, ns ILc dinmetf r of tbe saw or tbe tension of Ihe driving belt d ma; 

9 L 2 
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require, the adjofitment being made by the screw e. The carriage or saddle on which the eaw- 

spindle is mounted is moved on the bracket 6 by meaxui of the hand-wheel /, which is connected 

with a chain inside the standard or main frame b ; 

g ian table for supporting the timber h that is to be 

cut. The top of this table is oomposi-d of a number 

of iron rollers to avoid friction and facilitate the 

adjustment of the timber. When the saw a is moved 

out or in, upon the bracket b the belt d traverses on 

the long drum i, the tension remaining the same at 

all points. 

Fig. 7363 is another machine with a traversing 
saw arranged for cross cutting, the driving gearing 
bein<; placed beneath the floor, a is tl^e main frame 
of cast iron ; 6 the saw, which is mounted on a carriage 
that moves on rollers inside the main frame ; c is the 
wood to be crosscut, and d rollers on which it moves ; 
e is ti.e driving pulley hung in the radial swing ^^ 
frame /, pivoteil at g. This frame / rises and falls ^^ 
as the saw is moved backward and forward on the 
frame a, and permits a regular tension of tiie vertical 
belt t ; A is thu driving belt by which power is com- 
municated to the machine. 

Various modifications of cross-cutting machinea HWDk>w -^ e 

with traversing saws have been made, the diversity 
in their arrangement reluting mainly to the means em- 
ployed for communiciiting power to the saw-spindle. 
In all machines of this class that are driven by hori- 
zontal belts, or belts that run in the plane of the 
traversing motion of the saw, the driving strain of 
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the belt has to 1)c resisted either iii bringing the saw forward, or in running ft beck, an objection 
that is quite serious in the case of hand-feeding, which best suits the operation of tLese macliinea. 
With vertical belts or belts that run transversely to the line of the saw movement, this difficulty of 
belt resistance is avoided, and a steady action of the saw ensured. 

Fig. 73G4 is what is called a carriage cut-off saw, the wood to be cut being traversed on the 
carriage a, which is mounted on rollers running on the top of the brackets 6, 6. The standard c, on 
which the saw-spindle is supported, and the brackets 6,6, are bolted to a heavy sole-plate d, that 
keeps the parts of the machine in true adjustment ; « is a small flat table to support the pieces cut 
from the lumber, the main part resting on the running table a. 

It is obvious that small pieces of lumber, such as the parts of cabinet work, can be more readily 
moved and handled than a saw and mandrel, and that a machine arranged upon the plan of the 
one in Fig. 7364 is more convenient for ordinary uses than those arranged with a movement of the 
. saw for ft cding, as in the two marhint s just described. 

When wood is to be cut in curved or irregular lines, saws of a narrow ^idth must be used, the 
kerf allowing the course to be changed at pleasure, within certain limits; in this way curves can 
Im} cut whose radius does not exceed twice the width of the blade for saws to \ in. wide ; for largvr 
curves the width of the saws cannot exceed ^ of the radius, unh ss the saws are made convex. Thia 
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r 1b nsiudly teimed sweep or actoll aawiog for the heavier olaaa c^ work, uid tret 



BiToll and Ttet miring are peribrmcd Tith rmpmcniinf; nog acd baud «aira ; by reoiprocalini; 
SQWB for perfonitrd cntliiiR, when tiiu anwe Ipftve to be passed throngh. boles for whi»t u oallBd 
iuBide cutting, end bj band sawB for nutBidi) cutting, un the exterior of the pieces only. 

Reciprocating eaws for irregular lines coiieiat of three modillcatioiis. Bash savit, when tlie 
saw ia strained in a reeiprooating frinio used for Iji'aTy work; eawa Ihut aro not atrainod and are 
supported like circular saws by the rigidity of the blades only ; and saws sttaineil by elaaticor spring 
tension. In the second and tliinl instanct'S tlio inHOliiDes ore divided into two independent ports, 
connected only by tho saw-iilsdea, the ul'joct being to obtain a clear sweep for turning the lumber 
iliat is being cnt. Snwa atmined in fnimcs and used for swi-ep or scroll cutting ate ao analogouH 
to reciprocating saws, alicndy described, except u to size and Btrsnglh, that oo fiuther description 
is required 
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counection between the orank-wheel j and a sliding bar moTing in guides beneath the table at h. 
The saw o is fastened to this slide beneath the table, and to a similar one e above the table. 

This top sliding bar e is connected to the spring d by means of the flexible cord m. The light 
weight of the reciprocating parts permits a rapid motion of the saw, wiiich can be for the same 
reason suddenly stopped, adapting the machine for perforated sawing. To pass the saw through 
the piece for inside work, the saw is disengaged at n, and the lumber passed over the top, or the 
saw may be loosed both above and below the table, and pasaed through 
holes in the lumber without lifting the piece. 

Fig. 7366 is a scroll sawing machine of a novel character, invented 
by J. Richards, of Philadelphia. In this machine the saw is not strained, 
but merely supported by means of anti-friction guides of hardened steel 
at its top that prevent it from turning, and give lateral and back support 
at the same time. 

The principles upon which the machine is constructed are that the 
rate of cutting movement can be inversely as the weight of the recipro- 
cating parts, and that while the cross-head beneatli the table may be 
driven at a high speed, any weight attached to the top end of the saw 
limits the speed. The saw in this case, not having any weight attached 
to its top end, can be driven at any speed that the under gearing is capable 
of withstanding. 3000 of these machines have gone into use, in America 
mainly, but band saws being adapted to the same class of work, the recipro- 
cating machines are not now so extensively used. These reciprocating 
machines, Figs. 7365, 7366, can be operated at a speed of from one to two 
thousand strokes a minute, a is the frame, cast hoi low to receive the : ; 
crank and shaft, which are placed inside for safety and to avoid the dust 
and de'bris from the saw. The crank and connection is of the ordinary 
construction, except that the joints are made with the care necestdtated 
by the high speed at which they run. 

The saws are rigidly fastened to a tubular stock or slide running in 
the bearings at c; between these bearings is a casing con twining fibrous 
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pocking to maintain Inbrioation, the oU otherwise being rapidly absorbed by the saw-dusi Hardened 
steel guides are attached to the end of the sliding tobe d\ there is a small rotary fan for olearinf^ the 
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■av-dnit bom the work, coDnccted bj & flexible linre nitb tbe tubulai guide-item if, throngh vhich 
the eil pftasea, escaping at e, g, Fig. 7367, shows tbe fonti of tbe saws used in this macljine. 

Band saws were itivvntcd in the year IttOS. bj Win, Newberry, of Loiidou. but bt>cfiiue of the 
diflloultiea met vitb in man u fact uiihk the saic-bludes and in joining them bigethcr. no regular use 
of the mochincB took place until forty yearii later. Biind cans are eileusivdy employed in ^wiD}( 
of all kinda. not only fur curved litiex, but also for slitting and for timber cuttiTip, berides bi'ing 
ap]>lit il tn various uses in other brandies of industry, buch as eplittiag leather, saving ivory, aluto, 

Band sawing machines consist eseiDtially of two whtcis, on irhieh tbe saw is Etraintd like a 
bell, gu dra to siip|«tt llio bladc-a, and a Oat (able to move the mnterial upon. Figa. TX68. 7369, 
are of a plain baud sawing luachiDe. The main frame a is rast in one pi< re, arranged to support 
Uie shafts of Ihe top and bottom wheels (-','''> the guide-stem <-, iind the table </. Tlie lop wheel 6' is 
adjusted up or down by tlii^ band-vsheel / to regulate the lenaion ami tbe varialion in the length of 
the snw-blndos; tUe t iblo d moTtsun the quadrant beneath, to various angles for bevel sawing; o is 
■n adjufto'ila gauge fur sowing per.Jlol lines. 

Fig. 7370 is of another furm of band sawing machine, a the top or movaMe wheel, and '' the 
driving wheel ; e is the table, whifch is arranged to swing on a pivot, and is bold by the quadrania 
c, c : d is a rasing to (;niird egiinst accidtnts occasioned bj Ihe laws brtaking. 

SawingofallkinilB,usanopera- 
tion in wood convcniion, has (or ^"''■ 

its general olject the dividing of 
pieces into poits, the separation of 
a maea into bmaller pieces, but not 
tire reducing rurh pieces to true 
dimensioiia. After dividing or 
Biiwing tbe timber or lumber, a 
further ope ration is reqnireil, called 
planing, which produces true di- 
mentions, and smootli;! the surfave 

Planing, after sawing, ie tbe 
next important opriation in wood 
manuraclure : nai'l ines for this 
purpose are all known by the gene- 
ral name of pinning machini-a. but 
conai; t of ibree claasos, Ihat operaie 
upiin diQireut principles. These 
macliinea conaist in carriage, pa- 
rallel, and aurfure ptiiniug ma- 
chines, which will be eueoeuively 
noticed. 

Fig. T3T1 is an example of car- 
riage pinning machines, ojierating 
with tmvcrsiiig cutters, the plane 
of rotation being parallel to Ibe 
face of the wood, o is a long frame 
su| pnrtedon the Btandar, r.r; cia 
a bnversing oarriago, on which tile 
lumber d ia carried beneath tlie 
cutterheud t ; tbia culter-head or 
cuttet-bar < is niounU.il on a ver- 
tical spindle, and driven by the 
b,lt /, f^>m tlie coanteishnft; 
ni are Wits tlmt operate tlje feed- 
ing gearing ut a by meaoa of 
a virtical ^ha^t I that is con- 
nected with tie pulleys n at Ihe 
top of the mu'hine. There are 
three pairs of ihise feeding belts 
artangeil to move tl:c table at 
Various rates of speed, ns the 
nature of ILe work may require, 

the rate of movement being controlled by the hand-levers at g. The cutler-spindle p is mounted 
ID a fmme Ihat ilidra up end down on Iho front of tlie frame i'' to regulate the distance between 
the cutter i and Ihe tnbfc. the adjusiment being made by tbe hand-wheel /, and Ihe gearing nod 
screw at A. I'hc movement of Ihe cutters i leeeda 12,000 ft, a tninute, the cutter-bar e being forged 
from fibrous iron to » ilhhland the rentrifugal strain incident to eo great a speed. 

Fig. 7372 is a tide view of another carriage planing machine aminged with cylinder euttcn, the 
plane of rotation being at a right angle (o tbe face of tlie wood, and with cutters to platie three sides 
of Ihe lumber at the same time. Aa the sggregnte length of the cutting edges cvn witb merhines of 
thta kind be equal to three or more times llie width of tbe lum)«r acted ujion. it follows that Ihe 
peiformauce is more rapid, and Ihe endurance of tbe cutters greater than whi n traversing cutters 
are employed, aa in the machine Isat described. The main frame is supported on stands n, n, n ; 
a carriage tliat haa a reciprocating movement given to it by a wire rope winding right and left 
upon the drum ;;, Iho ropes being fiistencd at the ends of the exti'nsion pieces m, m. which allow 
the wood d to pass cntiri ly from under the cutters /. A rack ran be employed on' the under side 
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of the carriage, but does not produce so smooth a movement as the winding rope The top oatters 
at / are carried in a strong frame p, that is adjusted up or down on the standards 6 by the hand- 
wheel at top , a pressure roll at a benrs on the top of the lumber to hold it firmly on the carriaga. 

7371. 




7373. 




The vertical or side cutters e, are supported on the standards c, and have a transverse adjust- 
ment across the machine to suit lumber of various widths ; the feeding gearing at g is driven by 
belts from the countershaft A, and is aiTanged to give either a quick or a slow movement to the 
carriage o, the rate of movement being changed at will by the levers seen at 2 ; i is the main 
oount^haft from which all the cutters are driven. 

In carriage planing the lumber is guided in a true line by means of the ways on which the car- 
riages move, and the cutting performed with reference to the carriage movement instead of the 
shape of the material. All planing done in straight lines has of necessity to be performed upon 
this principle, and no machines except those with carriages are suited to the prepai-ation of lumber 
that requires to be straight and out of wind, as it is callS. 

Parallel planing macliincs include machines that reduce lumber to a parallel thickness, either 
by passing it between cutters that are opposite to each other on different sides of the lumbor, or 
when only one or two sides are planed, by passing the lumber between the cutter and stationary 



WOOD-WOEKING MAOHINEHT. S097 

gnagea or beds. The feed movement ii oontmnoiu !□ machine* of Ihis clau, the lumber beiog 
muuUy fed bj meana of rollers, that produce a regulur forward movement in one direction Thn 
effect produced io forallel plaoin^ in what the Dama indicates, that of giving parallel diui 
to the lumber, but not malnn^ it Btrujgbt nor out of wind, bm in the caae of oarriogo pUniui 

The use of pamllol planiog maoJiinca ia or ought to be confined to lumber that is 

(:nnngh to bo etraightoned bf the feeding rollers and pressure bars in passing tbiougb the 
machine. ' 

PajnUlcl planing machines, as a clan, ore suUliviiled into ntuniiig nnd matching machinea for 
mannfaetaring flooring, ceiling, or other lumber that is tongued aud grooved : planing machines for 
dreaaing one or both sides of bonr^is, technically known as surfaciag macliines ; and moulding 
machines, adopted to tlie preparation i>f mouldiogs. and otiier piocrs tliat have not Out surfaces. 
The difleronoe between the Urst aud third clasi of machines named being merely in capacity and 
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The 
iding gearing, and are pressed doim upon t . . „ . 

^T. a is the main frame, on which is bolted the housing b, which carries the flrat pair of feed- 
ing rolls, the top cutters, and the preaiure bora or rollers ; the lop rolls nre adjosted simultaneously 
b; meeiiB of the liand-wlieel c. The top cutters are adjusUd up or down by the hand-wheel d; the 
rear, or clearing rolls, oro adjusted bj the wheel <. The vorticsl. or aide cutters, are seen at o, under 
the hiiod/, whirh is for ooUecting shavings and dust by pnennmtio stiotion. Tliese side outtcrs bnve 
a traversing adjustment across the machine, and are movcl by the cronk at 3. The sbaviuES arc 
collected in the hood/, and are then drawn into tlio fan i»t /i. and e»|K'lIpd through tho pipe 1, being 
nuriol to a stoke room or elsewhere, as required. The fted movement in stopped or started by 
turans of the lever t ; m is the countershaft wbieh drives all IIil' cutters and the exhausting fan at t. 
When Iho machine is used for planing but one Eidc of v idn lumber, the side cutters at aro easily 
removed, and the lumber allowed to past ovpr the lop of thu spindles, when the distance between 
is not enough to aooomroodate the width of the lurul^r. 

As this cinss of planing macliines is moro extensively used thnn any other, especially in the 
preparation of building material, anil as no dimcnaiona have licen given in d^cribing other 
machines for planing, it mny be a matter of interest, snd cnn\ey a gcnoral Jdcn of the proportion! 
iu surb iihming tnaciiines, to note the following dimensions lu connection with Pig. T373 ; — 

The raactiiue rtccivea lumber for surPBoing only, to 24 x 5 in. ; plnnea, tongurs, and grooves to 
14 y 3 in. Main cutrer-blook, 11} in. dintncter, 24 in. long, S cutters ; aido cutter- blocks, UJ in. 
dinnictiT, Aggregatol width of beltH for driving cuttcr-epindles, IT in. Rotary movement of 
cnttrTK, 6750 ft. a minute. Aggrpgato cf cutter movement tor lach block, 10,250 ft. a minute. 
Number of rcvolulions of cuttpr^ptndles, 4000 a minuto. Top cutter-spindle. 2 in. diameter, steel. 
Sidn culter-tpindtes, steel. 1} in. diameter. Bate of feed from 40 to GO ft. a minute. The wheels 
of tlio expiinsioii gearing an- mnde of steel tisroughout. 

Fig. T3T4 is of a planing machine for moulding and matching, arranged with six cutting 
spindles and two pairs of feeding rolls, n n is the main frame ; *. h, feeding njUers ; e, c\ top 
cutters; d. aide cutters. There aro also bottom cutlers at e and/. The top cutters are a'ljnsled np 
and clown by meana of the hand-wheels g and A ; thu top feeding ruUs are raised or lowered by the 
hand-wheel i. 

The top cutter c* is intended for straight cutters that produce a flat surface, which can then bo 
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moolded by tha lecond top cutler c; tbe Bp'tidle at /con be amuiged nith circuLif wvs, to divide 
tbe lumbeT ioto several pieces itfter it bus been planed. All the cutter-ap indies are driven from 
the ebaD at m. Tlie reeding rollers 6, h, are bung in Biiing-£ram>.>s that nre pivoted on tha axis of » 
shaft, frum which the; are diiven, aud rise and all In a curre described from that centre. 




Pig. 7375 ie a parallel pinning macliine tn jibine on one or two sides, the lop and bottom of tueh 
lumber ns is not requirpd to bn reduced to a widrh at the same time. Tlie feeding movement of ibo 
lumber is in tbis maeliine produced bj means of an endless revolving npron or bed, oompobed of bara 
linked together, that are carried on two ities. and move like a lA^lt beiienth the top cutters. 
Theae bars tieing corrugated, and presenting a lint surfnce of two or more fe'l in leTigtli uiiHer (be 
cutters, carry the lumber forward with great for' o. Tlie bottom cnttcr is .Irivcn from the sbatt/, 
which is in turn driven by the frictionnl lontact of the feed bell th:it gives motion to the top 
callers. There is a deiid Ixir nppoaile the bottom cutters to hold Ibe lumber at (hat poinl when 
being plan.nl on the under side. The eaddle, on which Ihe top outtere and pressure rollers are 
monnted, is adjusted up or down on the etandards, as in Ibe other mai'bincs noticed. These 
machines were invented about 1R50 by nn Anierienn named Famir. and were designed to avoid Ihe 
celebrated Wcoiworth patents, that for a long time controlled and bumpered the progress of wood 
pinning in the United Pt.itPS. The chain-bed planer, however, schteved more than its inventor 
had expected, and thnucands of macliines have been tuade upon this plan, which for some pur- 
posm liaa advantages over roller feediog machines. 

Figs, 737fi, 7377, show a moulding planing macliine nrninged to act upon all four sides of Ibe 
lumber at the same lime, producing vnriouH profllcs, as (lie sliape of llie cutters may determine. 
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IrUs which iiye in giooTes In the frame of tlie machine. Up-uid-donD motion is imported to (he 
table through the tcnw a working in h nut b fixed to the frame A ; the screw ia diiven hj the toothed 
wheel e through the crank-handle d, the wheel c driving a mitre-wlioel t keyed on to tlie top of tlie 
■crew. The table B carries tlie bottom rotlen D, D, and the reToIvina; bnltom catter-thaft end 
mttere E ; F is the tup cntter-shsft and cutters extending beyond the frame of the machine and 
orer the table B ; the outer end of this tiip cuttcr-elinft revolves in a bearing carried by the 
ptojecting arm /. The table ii formed with an aperture to allow of the working of the vertii'e] 
GQtteiH.' these cutters aro carried on eliafb to nhich pulleys I, I, ari' kcytd; the iiullers and bIikIIb 
are connected to plates K, (hetnselieB attached by bolts to plates sliilinir in Hot< tails ou the table B. 
Cnrved slots are made in the plates K, through which studs pass to allow of the plntes being fixed 
at any inclinatioo required in order to cause the cutlers (o rut tlie wood on either or both Bides to 
the angle leqnirrd. L, L', are the feeil-rollcrs ; M is a boum with two d<]iencltng le^s tirminating 
at bottom in a point : cseh of these f>oiiitB enterB a V'i'eccBB on tho lop of the bearings of the feed- 
rullcrs. This beam M Is fiee (o moce on a ooutre 1o allow the rullcrs tn oscillate when the wood ia 
first fed on to the table. N is a wcizliti d licaiii presaing on the beam M : * is a roller carried by a, 
bracket I, the top of which works in a box. and is continually pre^wd upon by a tpiral or other 
■pring: the objector this roller is to keep tlie wood in contact with ti.e hottum cutter, and lostendy 
tt under the action of that i-ulter. 

In the feed armngemeiits. O is the disc-wheel; P a pinirm on the hoxs of tlie di.-c-wheel: tbia 
pinion genre into the toothed wheel CJ, on the boss of which tin re is aiiollicr pillion B, which drives 
the wheel 8 keyed on the shaft of the feed-roUer L'. T an intemiediale jiinion for drising the 
wheel U on the shaft of the other fi^ed-tnller L : V a pulley driven by a belt ; it carries n mitre- 
wheel W in gear with another mitre-wheel S on the siiafl V: Z a clotind friction pulley free to 
travel to and fro on a feather on the eliaft Y when moved hy an arm ('. On one tnd of this screw 
ann is fastened a mitre-wheel wliirli is peiired into by nni>ther mitre-wheel o on a ehafl which is 
■noved by a liand-wheel p. The arm I' rarries at top a pointer, not seen in the drawing, to indicate 
on an index plate q, the heck of which is shown, ti.e rate at which the wood is driven throngh the 
macbine by the feed -rollers. 

The operations of sawing nnd planing wood that the maclLines thus far noticed are directed to, 
nuy be railed general operationn. through which nearly all lumber usid for every purpose must 
pan. After planing, operations in woodwork become dicersiflid: the material is then borsd, 
moitiwd, tenoned, or shai ed into various Ibrms for oinaneDl or special uses. 
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Morliiing machnKry aonauts at rotary and reciprocating macUtieSi in the first the wood u cat 
away by rotary toala that hava aUo a Tibratory or reciprorating motioii, to produce obkmg rewMOOO 
the length of the mortiBe. Kotory mortiaiog luaohinea are extengively oeed m FnDoe and in 
England, where they are applied to all kinds of work, mainly becunae mottising can be perfonned 
in thia ninnner uq machines thai may bo also used for other purpoeeg; but in llie United Stalea 
and Swedi^n, where in wood mannfuctureB llie division of labour U rarried further, and where each 
operation requires a separate machiao, rotary inortieing machines are only applied to tiie batviest 
clsKa of work when the nialitriHl ia too heavy to be handled for reciprocuting muchines. when the 
niaterial can be bored for boltii, or faced at the same time that the niortisins is performed, and when 
mortising such pieces as caiiuot be held flnnly enough to resist the shook of reciprocatitig machines, 
especially (he parts of cliairs that are cylindrical or irregnlai in form. 

In the largest rotacy mortising; machines used for mortising the framing of railway c 
bridge timbers, and so on, ihe reciproceliag modon isgivi^n to the cutters, which 
diameter equal to the width or one-half Uia width of the mortiM, bo that one or 
will oomplote eai:h operation. 

Figs. 7376. 7379, ore elemtiona of a rotiu? mortising machine. Fig. 7378 la a boot view; 
Fig. 7379 a side view, a is a btrong stnndatd, b a saddle filled to move up and down on planed 
guides on the front ; tlie spindle c is mounted 
in a second saddle that has a transverse move- 
ment across the saddle b, and is moTod by the 
hand-wheel and screw at d. 

The saddle b is moved up and down on the 
front of the column ix by meaoi of the wheel * 
and the rack and pinion/; 9 is a long carriage 
on which the timber A to be mortii«il is plaoL-d. 
This carriage g is moved either by hucd or 
power by means of the gearing in the casing i, 
opemtedby tlLC hand-wlieelj or the belts i, aa 
the motion of the work demands. The ourriHge 
is supported en large rollers /, /, /, tc iivoid friction 
and permit band movement, which ia essential 
in many operations. The wood A is held by 
clamps m, and is placed on the carriage in aucii 
a way that stops determine the position of the 
holps or mortiaea, which therefore require no 
laying out, tlicir puiltion being determined by 
stops orgiiugca q, 7,7, when the timber is pro- 
perly adjuatod. Tlie vortioal or lateral move- 
ment of tho cutter is regulated by the four 
slop-rods p, each provided with oollars to deter- 
mine the movement of the saddle b, stopping 
at eight positiona, and giving dimenBions and 
lateral position to the mortisea accordingly. 



ni>. 




The lenpfth of mortlaeB and the distence between them is tiisn determined by the atopB a that alide 
and are fastened in a frroove on t}>e front of tho table 6 ; these slops g come in ctmtuct with the stop- 
rod r that is operated by liand from the baeli of the macliine. By aclting theae stops q and tho 
vertical stops p to suit tlie iimnl»a' and position of the mnrt'se, any number of pieces ran be 
mortiaed or bored precisely alike. Tho power movement of the tabU^ which is 100 fL a minoto 
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eaoh wftf, is coatroUed b; the lever >, which with the wheela if, j, t, and the atop'Tod r, no sll 
within reAch and coctrol of the operator,' I is the coimtenihaft ham which motion te girea to 
the Gultfr-apindLe and the traTening gearing at t; it is a counterweight to balance the saddle b 
and apindle o. 

Small rotary mottiaing machines have both rotary and reciprocating m 
wood remaining fixed, the rotary motion being ui ' -"'■ ■ ■■ 
eating molioQ 400 atiokes a minute. 

Reciprocating mortioiiig luat'hineB are coDstructed under varions modiflcations raited to heavy 
or light work, end fur deep or ehallow mortiaca; the mi.-1-haaiiim and moveiiieDte being, however, 
much the same in all machineB, conxiating esaeutiLiIij in a craok-ahan, a chiael-bal, and lablea or 
cerriageB to present aod move the material. 

The greatest diatioi-tion in such machinea ia between tha^e that have a cbiael feed, where the 
chiael and chieel-bar, in ndditioa to a reciprocating motion, \iaa ali« a jfraduated feed movement 
and maohinea that are arranged with a SisA movement of the table or carriage, that raisea the wood 
to receive the action of the chiael. In tlie fitst, ns the chisel ia fed to the wood, or down into tha 
mortise, it is evident that the relntive poiiitioD of the crunk and chisel has to be changed to the 
extent of the feed movement ; in other words, there haa to be either an elongation or a oontractioa 
of the coniioctioDB between the chisel and the crank. 

Fig. T3B0 isa perspective elevation of a reci|irocating mortising machine, with a grvdoated atroke, 
b; Lane and Bodley, of Cinciamiti. The lanchine wea invented by Thomas Guild, to the jear 1852. 

The mai'liine haa been selicted as as example, because of the long test that it has bad in 
all countries, and from the fact that there were in 1873 more tliau 30UO auoli machines in ass, 
including those arranged for wiieel-huba and other special purposes. 

Fig. 7380 ia what is termed a railway-car mortising mschine, because of an extra boring spindle, 
and the nature of the table ; the chisel-bar and reriprocating parts being the same on all macliines, 
except as to the range of the stroke, which varies from 3 to 10 in. n is the maio oolmnn ; b the table 
on which the material ia supported ; c is a clam;iin}; screw to hold the material ; and d a wheel for 
traversing the table h. e is the chisel-bar; /the uinncciLon between the chisel-bar and the sliding 
block ir; A is a pivoted vibialing lever that receives motion from I he crank-wheel ■ b; means of the 
connection j; lis the driving pulley where the power ia spplied; and k a pullej to drive the boring 
vpindle m. and also the boring spindle n, on the other aide of tlie machine; o is the treadle that 
puts the chisel-bar in motion and controld the atmke by means of the rod p, which extends up to 
and operates Uie toggle-links 9, q. The vibrating lever A being pivoted in a strong bearing at r, 
the sliding block g, wben in the position shown, hau onl; an oscillating motion on this axis r, and 
the connection / and chisel-bar e are still ; but by ctepreasing the treadle the block q is forced out 
upon the lever h bj mains of the links q, q, and the chiacl-har e is gradually sot in motion. By 
tDJs action the chisel a haa not only a reciprocuting motion imparted to it, but is, by reason of the 
connection / coming into a vertical position, fed dounward at i/te same time, so that tlie depth of ttie 
mortise cut may equal the whole stroke of the machine, the chisel rising at each stroke to the tama 
position on the up-at^okc. reganiletiS of its rungs. 

Attention is called to this feattirc as one that has, more than any other, led to the extended uaa 
of these macliinea. To cut a mortise 9 in. deep, a crunk 5 in. long is sufficient, to that the whole 
stroke \a utilized; but with variable crank motions, such as are often employed in oonstmoting 
mortieing machines, the stroke 

hsfl to be at least twice the depth ™'- 

of the mortise, with one or more 
incliesaddcdforclearance. This 
will be understood by noting that 
when the block 17 is drawn back 
to the positiun shown in tlie 
flgnre, the chisel > ia raised to 
tlie top of the stroke, by reason 
of the diagonal position nasumed 
bytheconneotion/. Theweight 
t stop the chisel motion by di aw- 
ing boiji the block q ui-nn the 
lever h, when the treadle 



relieved. The chisel is turned 
&om light to left by the handle u 
locking into the catches at v. 

The boring spindle » and 
auger a are used fur starting 
mortises in hard vrooil, the 
spindle remaining filed in the 
same plane as the chisel-bar t. 
The boring spindle m and augar 
z have a transverse adjustment 
of 16 in. across the tablo or the 
material, also a vertical range 
of the same length ; the trans- 
verse adjustment is given by the 
lever y, and the downward or 
feed movement by the lever z. 

For mortiiiing wheel-hubs, a special carriasCiFiE 7:)SI, is employed: tbeheodsud tailitockao,), 
slide upon the table c, and are set to suit tlie lei^^ of the hub, one end of which is Aurtened in the 
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chack d, prorided with a pUta e, divided like tLe disc of a whccl-outting machine, with stnoea for 
the poaition sod numb«t of tlie mortisea; tUe tiper of Ihe mortiea and tho fiare of the spokes are 
provided for by swinging the carriage a upon tlie pivot / bj mtuna of the quadnmt -) and tlis lever h, 
wliii'b lias Btiips I, ', ^ ti.at iire set to suit the kind of wheel-hab that la biiiiis mortised. 

The diao-pivot m is lonsc upon the poppet-spimilt n. and rnvoiveB with the l.ob. Two hundred 
hubfl of meilium size am be mortii^d on one of these machinca in ten bnurg with an accuraoj tlmt 
is not attainable by liand. 

The tendency in wa-d ttanufacturing at the present time is to the use of rotnry mortising 
roacliinery for marly all cla-tes of wnrk that have heretofore required the heavier reciprocating 
ninchinea ; and there ia no doubt that uLca there has been the same amount of attention given to 
the improvement of rotarj as there haa beeu to reciprocating mortiaing machines, there will be 
■till mote of them used. 

EfCiprocatin<t machinea that have a positive oonneotion between the chiael and crank, and'aro 
unanged to feed the lumber up to the chisel, as in FigA. TB82, T3S3, are simple in construction and 




conntctrd to the crank-wheel > by a 
kt passes np on the inside of the main standard d. Tlie driver b moves 
in the guides e on the mint of the standard d, moving the chisel-bar a up and down through the 
top bearing at / Surronndiog the bar a, in this top bearing /, is a shell connected with the grooved 
pulley?, thtiingh which the bar a phiys fieely, but is held from turning by Tue&ns of a feather. On 
the under side of the pnlley s are two stops that come in inntact with the rod A. Tlie belt > passes 
around the pulley 7, ovir the idle pulleys, and around the driving shaft at j. This belt maintains 
B constant torsional strain upon the pulley <;, which, as soon bb the ri>d h is drawn down, will com- 
mence to rotate; but by releasing this stop-rod h instantly, the pnlley n makis but a bnlf mtiition, 
antil the stops on its under ai<le arrest its movement, tlio belt • acrving to both turn the pulley g 
and the chisel-bar, and to bold them firmly after being stopped by the rod A. By tliia amuigemeut 
the cliieel is instantly turned to the right or to the left lo complete both ends of the mortise by tlie 
operator simply depressing the bent handle at A with his land. 

The wood to be morti>ed is placed upon the table m, atid is held down by the guard n, which is 
*et at various heights to suit the depth of the piece. The table m, with a sliding saddle d. is 
raised bv the treadle and the screw ij. This serew has right and left hand tlireads fitting into the 
pivoted bearings r. r. and eerves to ndjuat the lieight of the (able n by turning the band. wheel i. 
The table m is moved out or [n upon the bracket t by the winch a. The bracket is pivoted so as to 
be set Ht various nnglea for msking diagonni mortiaes. 

Machines for culling tenons In woodwork are constraoted under two general modiflcations, one 
with tlie CQtter-spindles parallel to the tenons, and the other with the otitter-spindles tmiisrerse lo 
the tenona. Figs. 7381, 7385, are of one of the first kind of tenoning machine, aud Figs. 7386, 73S7, 
one of the eerond. 

Beferring lo Figa. 7384, 7385, a is the main ^me ; h supports which also carry the be«rings e of 
the driving shaft d , e.e, are tho main cuttor-spindles. mounted on the movable saddles/, /, which 
•re adjusted up and down upon the stand v by means of the screws A and ■', the top saddle / being 
raised or lowered by tbe screw 1 and band-wheel j, and the two saddles separated or brought 
together by the trrew A ; thereby ganging tbe thiok^eM of the tenon between the cutter-heada at 
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A, or its position on the piece, by raising or lowering both saddles / and / without changing their 
relative position. 
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The piece to be cut is placed on the carriage / against the guard m, and is held by the clamping 
lever n, which is, with the handle o, grasped by the operator's hand. The carriage f. is mountea on 
rollers supported in the two brackets /?, p ; this allows it to move freely by Imnd without the aid of 
power-feeing mechanism, wliich is not suitable for the operation, the feed requiring to be fast at 
some points, slow at others, and at all times regulated by the perception and skill of the operator. 

r, r, are coping or scribing spindles, for shaping the shoulders of tenons for moulded pieces, 
the cutters s', s*, rotating in a plane parallel to the face of the tenon. These spindles receive 
motion from the vertical shaft t. Fig. 7385. The teuiiion of the belt u that drives the main cutter- 
spindles e is regulated by the pulley f carried on the lever w, which allows the spindle ee \a 
M adjusted without changing the stress upon the belt. In case of the belt u breaking, a spring 
is provided to stop the weight y. Power is communicated to the machine, when from above, to the 
pulley z^ or when from below, to the fast and loose pulleys at A. 

Boring, after tenoning and mortising, is next in importance among the regular operations in 
wood framing. Boring machines for regular purposes consist in vertical and horizontud machinfts, 
as they are termed. 

Figs. 7388, 7389, are of a vertical nachine arranged with two spindles that have a lateral adjost- 
ment of 10 in., and a vertical range of 18 in. a is the main frame or supporting standard on which 
all the parts are mounted; 6 is a Btrong bracket bolted on tiie front to support the sliding carriage c \ 
this bracket 6 is pivoted, and can be set to various angles on the front of the column a, so that the 
timber d can be tx>red at various angles ; <?, «, are boring spindles carried in bearings formed in the 
brackets t, i; and driven by the bevel-wheels m, pulleys n, a, and shafts o. The nmckets •', t, are 
moved out or in upon the frame r by means of racks and pinions operated by the wheels s, s. The 
spindles tf, «, and augers /, /, are fed down into the wood d by means of the levers i^ f, and the 
handles u, u, and are lifted and kept at the top of their stroke when not in use by means of the 
weights o, o. The shafts o move loosely through the pulleys n, n, and the bearings jt, to allow of 
the lateral adjustment of the spindles e, <r, and hraekits t, •'. The table or carriage c is moved by 
the hand-wheel g and a rack and pinion. The wood is clamped by the sliding jaw A. 

Figs. 7390, 7391, are elevations of a horizontal boring machine with a single spindle, a is the 
main standard to support the spindle, h a stand to support the lumber, and c, c, auxiliary stands to 
support the ends of long pieren. The spindle d runs in bearings attached to the movable frame «, 
which slides up or down on the stand a, and is operated by tiie hand- wheel / and a ny.-k and pinion 
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tig. TheftaineoTnddleelioomiterweightedbTthe weight A tod B wire rope f,pudngO' 
pallejfc. HoUoD it given to tbe apindle <i by the belt II Irom theaountenhaft n>, the tw 




frame h and neight o MmpcoMitinK Tor the moTmcnt o( the epiodle rf. and keeping the teniion of 
the btit i uuifonn. The Epindhs d ie moTed forward by the handle r, which ia aUaehed to a Blidisg 
rod ( set parallel to the npindle d. All the parta are mounted on the lote-plate I, which fomit a base 
for the manhine. The main cnlnmnaand the boring ipindle with its attaohments are often fnmiihed 
and operated with tlie machine, Figs. 7378, 7379. in addition to the mortinag attachment, lo that 
the boring and ntorlimng tna; be done at the Ktme time, or either aepantelT. tlie same oarrisBe 
'~~ '~ '-->th ouea. For work of the heavier cLue the lateral adjustment of the (pindle* m 
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Regular shaping comprehends a variety of operations that might be termed planing, sawing, 
moulding, and so on; but the term is used to convey an idea of special as distinguished from 
general operations, where there is not a duplication of pieces nor a large number prepar^. Irregular 
shaping applies to the preparation of pieces thut have irregular outlines, pieces that cannot be 
mouldd or planed in straigot lines or in true circles. The lumber in irregular shaping, as it can 
neither be revolved about a fixed centre nor moved in straight lines, has to be formed by patterns 
with an outline corresponding to the shape of the finished piece required. 

Referring first to machines for regular shaping, they consist mainly of hand-feeding machines ; 
the irregular character of the work not justifying or requiring the oom plication that would be 
unavoidable in presenting and adjusting the material automatically. Figs. 7392, 7393, are of a 
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shaping machine that has a great range <-^ ^^3- 

of adaptation for moulding, grooving, 
rebating, bevelling, and shaping; a is 
the main frame, cast in one piece ; s is 
the cutter-spindle, and o the cutter- 
block ; t the ^driving pulley ; e and / 
are tables on which the wood is 
moved. Tables ^, /, have an indepen- 
dent adjustment vertically bv means 
of the screws c and hand-wneels d, 
also a horizontal adjustment on the 
top of the brackets 6, so that the 
throat at the cutters mtiy be closed 
up or widened, as the nature of the 
work may require, by turning the 
screws m and n. The gauge g can be 
set at various angles for bevelled work, 
and is supports kI on the main frame 
independently of the tables e and /, so 
that they can bo raised or lowered 
without changing the p< sition of tho 
gauge* The bracket 6 is moved for- 
ward or back upon the top of the main 
frame a so as to receive ])ieces of any 
size within the capacity of the cutters : 
or in case of transverse cuttin<; for 

gains or notches, the guard .7 and 
racket 6 may be removed, to leave the tf)p of the machine entirely dear. « is a stioog bracket 
bolte<l to the main frame to support the spindle s. 

Figs. 7304, 7395, are of a cutting and shaping machine, intended mainly for cnttine transversely 
gains or notches, or shaping the ends of framing for railway-carriage work, to which the machine ia 
especially adapted. 

Its functions snd movements conform somewhat to those of a metal-shaping machine, except in 
respect to the cutters, a is a cored box frame that supports the cutting mechanism, consisting 
of the cutters t, spindle <, and the reciproeatinff cutter-bar e ; to, w, are wrougnt-iron rails, upon which 
the carriage c is moved by the pinion at o and the large hand-wheel k; d ia the lumber to be out, 
whid^ is placed upon the table c, either parallel or at an angle, as may be required, and held by 
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the frame workiug luto e. slot in the lever j givea & alow forirard and a quick tnovement bade 
atroke to Ibe bar « : tbia amtneement also provideB for a mora UDiform rate of mOTement in the 
forward stroke tbnD would be attiiined with a poBitLTe crank and link oonaection. 

The traTsniiiR moTement of the cutters and mvi at i is variable by adjustment fmm to 20 in. 
The enlter-apindle ( is inserted in the bcArinfra u oait upon the sliding saddle <;; tlita Middle ia 
balanced b^ the weight r. and is moved up or down at will bj tbe operator, who keeps bia baud 
upon die handle at the end. Tbe recipiocntiag movement of the bar « is alow enongh ; thua 
tbere is time in the intervEda at Ibe ohnnge of the stroke to raiae the saddle g and cutter-spindle t 
on the back stroke and ilepreea them again, so that tbe entteta ■' are bronght in rontaot with the 
wood on tbe forvrnrd stroke. The depth of the cut is reKulated by a af stem of adjustable stopa at 
1. 1. 1', y, which are operated at will, and f^ve four independent adjustments to tbe saddle i/ or 
the onttecs >'. Tbe euttei-spindle t is driven from the ahaft at f, also carried on the reciprooaiing 
bar B, and is bolted from above to preserve a uniform tension of the driving belt x ; there ia also a 
belt to drive the reciprocating gearing at p. Thia marhioc haa been ^ipUed to the manulhcUue of 
hatch gratlnga and other purposes in dockjarda. 
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collon. bbb ia the frame that lupporta the two spindles a, a, and tlie top or 
table 17; the Bpindlee a, a, have a rotaiy motioo in npposite direetione eiven by the 
aDgulkr belti ■ cannectinc' them nitli the oounteriimn/. The ipindlee 0,0, are 
Teised ot lowered independently by means or Uie gearinR e and hand-wheela d. 
The two spindles require ao accurate adjneloieiit vertically, so that the cutters 
will produce the same form in cbangiog from one spindle to the other to suit the 
icmin of the wood. The two spindles are required bo that by changing the work 
from one to the other the cutting mnj bo done vith Ihe fcrain, nud thereby guard 
against accideute. The cutters, which have to bo in duplicate pairs right and 
left baud, are held between iLo riiig-eollHra, Fig, TS97. These eollara 1, a, have 
trjatigular notohea or grooves tliat embrace tlie ends of the cutters,' which are 
bevelled off to Bt aa at a. By nsiug a number of t)>ese collars >, of proper width. 
TariouB eombinattona of cnttera may be fonucd so aa to produce mouldings of 
different kinda. 

The wood U mounted on and fastened to a model that haa the sume outllDS as 
the piece wanted, except that the edges are square, and rest ngsinsl the . 



Fif;. 7398 in an inegular shaping machine willi automHli'o action, by Fd. Arbey, 
of Paris, adapted to the manufacture of gui: -stocks. hLiiidlus for tools. nbcel-Hpokei, 
ahoe-lasts, and so on. A is the framini;. bolted togetlier in the usual manner ; a a 
a strong sliding carriage moving on pli.ned guirles u. by meani. of feeding mecha- 
nism on ite under side driven by the Rearing at n : 6 is a ewincing frame pivoted 

at the ocnlre t, and providi'd witli bearings lor the Culter-epindle d; i, 1, i, >; are . . 

aupporta for the bUnks hi be sbapeil, anil the two stands e, for the patterns or 
forma These sta'ids. i am) 0, correspond to tlie poppet-lieads of an ordinary Jathe. and have coun- 
ti-rpartaor lica^l -slocks i, at tlio opposite end of ttie cartiaga a, which aie provided with rovolvinu 
or driving spindles driven by bevel-nheele m. 

The blanks being placed between tliese points are with the patterns i all revolved in nnison by 
tlic Rearing at m. At u u. surrounding (he eutter-spindle. are spherical bearincB that have tha 
enme curvature as tlie cutlers t. c, c, c, and rest on tht two pallerna e, B. By rotating tlie patterns 
e, e, an oerillatiiig motion is given to tlie frame b, conforming to the changea of the pattern « as it 
progresses with the carriage a, and Ihe cutter* c, e, c, c, cut four dnplicatee from the blanks that 
have been plaoeii between the pnttema f, r. on the stocks 1, i',i.i. The feed -motion of the carriage a 
is arresl^^ by the mechanism seen at /. The outter-i|>lndle d receives nwlion from the pulleys r. 

Fig. 7399 is another automatic-art ing machine for shaping irregulnx forms arrsnged to act 
npon one blank at b lime, but capable of producing more intricate forms, especially tool-hamllei 
that are Ion;;, and too flexible to lie ooled upon with the ordinary cutter? ; a is the fnmiDg. in this 
ease of woo^), whii-li is for some rtasons preferable; i are tiio cuttere that act upon the handle c; 
« is the piittem. o is a pulley mounted on a short shaft provided at each end with epnr oeiitree 
that give a coincident rotation to the piece c and ihe pattern e; the pattern c resting on a. the 
oonvei support at n causes a vibrating or rocking motion of the main carriHge m. on which JB 
mounted Ibe supports for the handle ar.d pattern. Tnis carriage m has a longitudinal feed-motion 
imparled (0 it by a rciew or a chain placed behind it, and not seen in the engraving. The rotation 
of Ibe piece e and the end movement oomhinrd causts the saw i to out away a mrrow aeotion of 
wood in a spiral line, the culters soling so rapidly, and the intarvaJa between cutting being abort, 
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the strain npoD the piece c is so inconsiderable that even the thinnest handles can be fonned trom 
large or crooked pieces. These machines are extensively used in North America for manufacturing 
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axe, hammer, and pick handles, the product a day being about SOO pieces to each machinci two of 
which one man can attend. 

DoveUiling Machines. — It is difficult to account for the many and persistent experiments that 
have for sixty years past been made In endeavouring to produce dovetailing machines. There is 
certainly much less economy of labour to bo expected from a successful dovetailing machine than 
almost any other directed to wood conversion ; and the many inventions of machines of this kind 
have been called out rather from a spirit of ingenuity than from any considered advantnge to be 
gained by them. 

In dovetailing furniture drawers, which comprises the greater share of the dovetailinc^ that is to 
be performed, there is but little need of dovetailing machines. No other operation connected with 
the manufacture of such drawers can be so rapidly and so perfectly done by hand as the dove- 
tailing. 

It is one of those peculiar operations wliere but little ]^)o\ver nnd but a limited amount of edge 
can be applied, and the adjustment or changes are so numerous and rapid that judgment is 
continually necessary in directing the tools, while the strength of the operator is not only sufficient 
for the work, but is equal to the amount of power that can be applied by machines. 

Sir Bamuci Bcntham eighty years age invented the conical cutter dovetailing machine, nnd 



WOOD-WOKKING MACHINERY. 



3111 



deecribes it in 1793. Nearly all machines since invented have been roodifioationB of his principk, 
Annstrong's forming the most notable exception, and the result, taking the history of the whole 
art since Bentham's time, mny be summed up in the statement that while dovetailing mochin* s 
liave effected a considerable suving of labour in certain kinds of work, such as making plain 
rectangular boxes, packing cases, and other work where the joins and holes are pervious; yet 
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drawer making and the finest classes of dovetailing are done as cheaply and as well \)y himd as 
hv maphinea. Thw statement is not so much based upon the assumed conditions of the work, nor 



by machines, ThLi statement 
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the nature of the maohinee, aa upon the fact that but few wood manafftotoren nae doTetail 
maohines exoept for rough work that admits of a great range of daplicatioa. 
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Considered as a machine of novel construction, and apart from the importance of the work 
performed by it, the dovetailing machine of S. T. Armstrong, New York, is one of f he most remark- 
able ever introduced for working wood. For the manufacture of rectangular boxes and for work 
where open dovetailing is allowable, this machine prepares the lumber in a rapid manner, ))ecau8e 
of the number of the cutting edges, as these obviate the dulling and wear which invariably occurs 
with machiuf'S for similar purposes having only a limited edge. 

Fii^s. 7400 to 7404 are of Armstrong's machine ; Fig. 7400 is a side elevation, Fig. 7401 a beck 
elevution, and Fig. 7402 a plan. 

The two compound circular saws A and B, each about 2 ft. diameter, are placed inclined to one 
another at an angle of 18°, Figs. 7401, 7402, corresponding to the inclination of the two sides of the 
dovetail pins, and they are geared together by two bevelled-tootlied rings upon their inner faces. 
The saws run loosely upon two short fixed axes, and one of them A is driven by the main driving 
shaft G through the intermediate bevel-wheel D, which gears into a corresponding toothed ring on 
the outer face of that saw ; the second saw B is driven by the first one A. 

The two inclined axes of the saws, one of which is shown separately at E in the section. 
Fig. 7404, are fixed upon the faces of two small circular discs F ; these discs are parallel to one 
another, and each has a spindle G on the outer face. The two spindles are both in the lioe of the 
driving shaft G, and turn in two sockets in the machine frame. The discs F, F, have two toothed 
sectors I, I, fixed u|)on them, which gear with two pinions on the shaft J J, so that on turning this 
shaft by the handle H the inclined axes of the two saws are turned rouitd simultaneously through 
a quarter revolutiun ; the direction of their inclination is thus changed from vertical to horizontal 
or the reverse, and the ix)int of contact of the two saws is rolled round through a quarter of a 
revolution. The connection with the driving shaft G for driving the saws is preserved during this 
change of position by the intermediate bevel- wheel D continuing in gear, whilst rolling round into 
the position shown by the dotted lines in Figs. 7400, 7401, the wheel D being carri^ upon the arm 
of one of the toothed sectors I. The object of this movement is to change the action of the saws 
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from aittinc Oie ^ to enWng tba holM of the doretaiU. The wood to be ont ii dunnHl Hn«n 
«pc. tho ^ E.^7m7«Z. which i* pUoed mdiiUIy to &^^^^^^c^^t^t 




onries to the hce of the wood, and wlien the dovetail holpa are to be cut, the two sawi are rpqoirail 
to (« ftt their full inclination to each other In plan, but puallel on the edn of the wnod, aa Id 
FigB. 7407, 7406, M that one eaw «ati the right-hand side and the other Ibe left-hand side of each 
dovetail hole ; and the two oblique axes of the aaws are nadc for this pnrpoae at tlje incliiistioi to 
give the angle of IS° between the two saw face*. But when a rotutlun ot a qnarler of a oirole is 
given to tlieae two aiea b; maane of the toothed eeotora I, I, the dirictiou or tUeir ludinHtiant ia 
then brought at right angles to tlie face of the wood to be cat. aa in Figa. 7405, 7406, and the edgea 
of the aawB, where in (»ntact with the wood, ore parallel to one another in plan but inclined in 
elevation, so ae to cot-the dovntail pina with pamllel sides on the faoe of the wood. Fie. 740.'i, but 
ioctiued on the edge of the wood, Fig. 7106. By tliia miaiiB the pina and holes of the dovetailj are 
formed at ezactlj the same inclination, bf the aimpls expedient of oalting them at two dlffereot 
points of the drcumference of the sawa. at rigljt angloii to each other. 

Each saw cuts one half of a pin or hole in a single revolution. The law-blade is made plain for 
the flrat three-qnarters of its cireumference, like an ordinary circular taw, but with a apirel outline 
KradimJl; iucreasing ID diameter, aa ahown in Fig. 74(13. eo aa to iucrtaae tlie deptli of cut coa- 
tiuuouslf QTitil the bottom of the dovetail in reached. The la^t quarter cirmnifterence of the (aw- 
bliide is made truly oiroidar, but haa the cutting f^ge bent ovtr at right anglea, ao aa to out at the 
side, for cross cutting the hottom uf the dovetail ; and the larcrel pmjeollon of thr flanged blade 
(Tadually JDercascs until it is equal to half the wiiltli of the bottom of the hole. For cuttins tlie 
piiia of the dovetail, the two snwa being then parallel in plun. Fig. 7405, the flanged saw-Uadea 
have tlie edge bent ovir inwards eiuctly at rigiit nnglea, for cruHS cutting Uie bottom of the dove- 
tail ; but fur cuttiuK the holes, the flanged bladoB aie bent over outwards to an angle of 81° as in 
Fig. 7407, the two saws being then inclined nt llj° biwnrdn rach ulhcr i[i plan. 

In order to traverae the wood for obluininp a Bucregaion of cuts, the table K on whieh it ia 
riamped is traversod acroaa in front of the snnx uitli a continunus fied-motiou by meiins of the bed- 
screw L. driven by spur-gcar fmm the main tliafl C : and the binds of each saw, ii>Bt4«d of being at 
right angles to the alia upon which the saw revolves, ia act inclined libe a screw-thread, with 1-in. 
pitob,t)iat being the intended pitch of the dovelnils. The beil-scrtw Lalso traveraes the wood 1 in. 
forwards in cacli revolution of the aaws; and the caws and the wood are oonserjucntly made to 
traveme exactly together, each saw following up its own cut coiiectly, until the cut is completed iit 
the end of one rpvolulion of the saw; and tin' saw Ihen coinn)eDi,i-8 the next out at the pitoh of 
1 in. The second saw B does not comnienci; culling until the flrat aaw A has advanced a certain 
distance In the work, aa in Figa. 7405 (o T412 : and it onnlinuea cutting throughout at the wtne 
distance behind the flrat saw, but rompleles all tho pins or holes at the cod. 

The tawbladea are made in short segments, each G in. long. Fig. 7403, and are fixed in their 
plncea bv fltiing into a turned recess M M in the cIreumfereDcs of the csst-irou boss B ; thej are 
held :n their places by a series of segment plates N. N, at the back, tigblpned up by two bolts each. 
Tbi' Siiw segments are readily released aod changeil. when it ia required In eet the machine for a 
diCfercnl Eize of dovetail, or to change Ooto cutting the pina to cutting the holes; and Ave different 
^ets ot blades are kept for this pnrpoae, to give the eilent of ran^-e in dimensions uf dovetails thut 
ia required with eacli riiarhitiei the aeverol aela vary propoitiooately both in the plain and the 
flanged portions of the blade. 
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In changing the machine from cutting the holes to cutting tlie pins of the doretaila, the two 
saw-blades require a slight adjustmeut endways relatively to each other, in order to take up the 
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slack that wonld be cansed in the fit of the dovetails by the thickness of the saw-cuts themselvesu 
and to make tbe pins fit true and tight in the holes without any shake. This adjustment is obtainea 
by rotatinor the second saw B a certain distance round upon its axis E, Fig. 7404, the tootlied driving 
ring R R being for this purpose made loose upon the buss B of the saw, and locked to it by the pin 
P for driving the saw. As the circumference of the saw-blade is itself in the form of a screw-thread 
of 1-in. pitch, the effect of turning the saw round upon its axis E is to shift endways the point of 
commencing tlie cut; and by this means therefore the cut of the second saw is made to follow that 
of the first at the required distance. The ring U B is marked with graduations oorrespouding to 
the several adjustments required for changing the machine from one size of dovetail to another, or 
from cutting the pins to cutting tlie holes of the dovetails; and the adjustment includes the required 
allowance for clearance, to make the pins lAud holes fit together with any degree of tightness that is 
desired, without requiring any dressing by hand. 

The saw segments are all made exact duplicates of one another in tbe portions fitting on the 
boss of the saws ; and consequently in the wear of the sjiws, as the segments become gradually 
reduced in diameter by the sharpening, they are simply shifted each to the adjoining place in the 
circumference of the saws, a new segment being required onl^ for replacing the last or largest 
flanged segment. The change also from the flanged to the plain segments is made by filing down 
plain teeth in the first fians;ed segment when worn out. 

The table K carrying the woocL is made with a hinge movement, so that it can be inclined at an 
angle of 45° to its usual radial position, as shown by the dotted lines at T. 

The table K is mounted upon two slides at right angles to each other, like the slide-rest of a 
lathe ; the lower slide receives the traverse feed-motion from the bed-screw A, and the upper slide 
is moved inwards towards the saws by the hand-lever U, through a dist mce equal to the depth of 
the dovetails. The upper slide also carries a half-nut, which gears with the traverse screw L ; so 
that when the wood is advanced up to the saws by the hand-lever U. the nut is at the same time 
thrown into gear with the screw L, causing the traverse feed-motion of the wood to commence. 

A soriber 8 is used to mark off on the under side of the wood the bottom line of the dovetiil pins 
and holes, in advance of the saws, to prevent the edge of the wood from being broken on the under 
side. This soriber serves also as a ^auge for setting the edge of the wood to be cut, which is first 
olamped down upon the table K with its edge level with the scriber Si and the wood bein? then 
moved inwards towards the saws by the hand-lever U, this gives the correct depth of cut for the 
dovetails. 

The working speed of the machine is 150 revolutions a minute, one pin or hole of the dovetail 
being cut at each revolution. 

Lvarfa Dovetailing Machine. — The machine, Fig. 7413, is one of the moat complete of those 
operating with conical cutters capable of dovetiiling at various angles, and can be used to 
advantage in ship joinery or elscwiiere when drawers or boxes are made of other than a rect- 
angular form. 

A is the spindle-frame in whicli is mounted 8ix or more cutting spindles all driven by the 
belt B. This frame is supported on tbe cylindrical slide-bar 0, that allows tbe cutters and 
spindles to be raised or lowered by means of the hand-lever D and the link I. 

The carriage A moves horizontally on slides, and is guided in this direction by the bar K. 
When this bar K is set in a line coincident with the sliding support G, the spindle-framo and 
cutters rise and fall vertically ; but when the truide-bar K is set at an angle it gives a compound 
motion to the spindle-frame A in rising and falling, and the cutters pass through the wood, which 
is placed on the platform at the rear of the macliine, at an angle to correspond with that of the 
guide K. The various angles and movements being graduated by figured scales, render the 
adjustment simple and sure. 

The table on which the wood is placed and tlie clumps operated by the wheel F have also 
Tarious adjustments that give a large range of functions to the machine. 



AalomatK TWn^ Maeiatii. — TUa. 

ThU cIbm of mnchiaerr fasi re- 
ceived a great deal of attention 
in the United Slatee of Amenta, 
where vood lumiiig ia eiteu- 
BiTelr cani^ on. 

Hand turning u not onlj 
eilieuBivo aa h »ood-conyerling 
procesa, but ia also very impet- 
feet BO far aa the attainment of 
BOi-urate or unilorni alzes and 
ronHguralion ia mui-omed. and 
there boa been no waul of In- 
centive for the davelopiitcut of 
machine turning. 

It waa for a long time re- 
garded as impracticable to pro- 
duce smoutb work b; machine 
proceaaea; tlieconfigumiionand 
accuracy were eaaily uttiiTied.as 
well an the eipeoled gain in tlie 
apeed of the operations, but the 
tmooUi aurface that is left bj 
hand cbieelB Beemed to be un- 
attainable by tbe macbiues In- 
genuity and perBeverancc, bow- 
ever, finally trKiitipUed over this 
obatacle, and nukchinelumiag ia 
now performed quite aa amoolli 
as hand taming. Tbe machiiw 
abown at Fig. 7414 is a modlil- 
oation of one of the Amerkno 
automatio lathes. There an 
others that operate upon analo- 
gong principles, but the one 

•elected will ooovey a oorreot _ 

idea of their operation. 

Tbe lathe in all of its porta ocnretpoDdi to an engine Intlie tat metal InniiDg, baring a sliile- 
reat and screw-feed, with planed guidea and a alidlng tail-stook. The wood ia placed between 
the centres, and is first acted upon bv cDttera, that reduoet it to a cylindrical form, and to' fit a 
die or ring-reet attached in the 
slidins carriage; behind this 
raat there follow two or more 
hinged tools that are mi»^ and 
lowered by means of tbe pat- 
tern a, on which they slide 
e'dng form to the piece, but 
iving it roDKb, As tlie car- 
riage moves along, the frame c 
moves down at tlie same time, 
bringing the cutter « in contact 
will) the piece. This cutter e 
is shaped on its face so that 
tbe eilge foDowB the pioAle of 
the pitoe and takes off a thin 
Bbaviiig in the same manner aa 
is (lone with a hand chisel, 
leaving the surface smooth. 
The frame c rises and falls 
anlonatically ; in fact, all the 
movementa except placing the 
wood and starting the woi>d, 

shuped by automatic macliincry 
in their manurscture. and their 
expense is so redured as to form 
no obstacle to their um. 

See Macbihb Tools. 

WORM. ¥ii., FM iTurui ris : GiF., Onrinde : Itai,., Vile ierpet"a; SpAK.. TornUlo IM fin. 

The thread of a screw ia ralkd Iho wotm. The name ia also given to a abort revuUJDg screw, 
thethrtadsof wbi<-h drive a wheel by grariug into its teeth or cogs; a avna-iclietl. 

WRENCH. Fr., Toanu a gauche ; OeB., Windatin ; Ith., Cimve da dadi ; 6pAS., I>e>tomaiador. 

See Hahd-Tools. 

ZERO. Fn., Z^ro: Geo., NuU; Ital., Zero; Spah., Z.ro. 

Zero is tbe point from which the graduation of a scale, as of a thoimometer, commetices. 'icjo 
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in the thermometera of Oelcius and B^nmnr is at the pomt at which water congeals. The zeio of 
Fahrenheit's is fixed at the point at which the mercury stands when immersed in a mixture of 
snow and common salt. In Wedgewood's pyrometer the zero corresponds with lOTT' on Farhen- 
heit's scale. 

ZIGZAG. Fb., Zigzag i Geb., Zickzack, 

8ee FoBTincATiON. 

ZING. Fr., Zinc ; Ger., Zink ; Ital., Zinco ; Span., Zinc. 

The name zinc is derived from the German zinn, tin, with which metal zinc was for a long time 
confounded Commercially, it is known as spelter. Zino is a bluish- white metal, very lustrous 
externally, and when broken exhibits a foliaoeous crystalline texture. At ordinary temperatures it 
18 somewhat brittle, but when heated above 212^, it becomes perfectly ductile and malleable, and 
may then be beaten out into thin tiheeti, or drawn out into, wire. At a temperature of 400^ it 
beci^mes so exceedingly brittle that it may be easily pulverized. At 773° it fuses, and above that 
temperuture it is volatilized, and may be distilled. If tlie vapour be exposed to the air, it bums 
very brilliantly with a bluish-yellow finme, and is converted into oxide of zinc, which is deposited in 
copious white flakes, the flowers of zinc, or lana philoaophica of the older chemists. In this ^tHte of 
oxide,' it is largely prepared as a pigment, and is known as zinc white. It is of a purer colour than 
white-lead, and, unlike the latter, it does not tarnish and blacken with sulphuretted hydrogen; it is 
also much healthier fur use by operative pjiinters, but unfortunately in this respect, its use is limited 
by a want of body. The discovery, towards the beginning of the present century, that zinc could be 
rendered malleable and ductile hds greatly extended its uses, and placed it in a position of con- 
siderable importance with respect to the other metals. One property possessed by zinc is that of 
becoming coated, when exposed to a moist atmosphere, with a thin compact film of oxide, jrhi<;h 
effectually protects the metal beneath from further oxidation. Hence the value of zinc as a material 
for roofing, and also for protecting the surftice of iron from oxidution. 

The symbol of zinc is iLn; its atomic weight, 32*75; molecular weight, 32*75; specific 
gravity, 6*8. 

Zinc is found in nature only in a state of combination ; its principal ores are the sulphniet 
known as blende, ami the silicate and carbonate which are confounded under the name of calamine. 
Blende, called in Cornwall black-jack, contains when pure about 67 per cent, of zinc ; it is, however, 
seldom found in a pure state. The usual composition of English blende is zinc 61, iron 4, and 
sulphur 35. It occurs in all the older geological formations, and is frequently found associated with 
the ores of copper and tin, but chiefly with the ores of lead. In this country the localities which 
produce blende are Wales, the Me of Man, Derbyshire, and Cornwall. Sweden is very rich in this 
mineral, and in several localities on the Continent it is found in considerable Quantities. Blende ia 
of a brownish colour ; but in this countrv, in consequence of the presence of sulphuret of iron, it haa 
a dark appearance ; hence its name of black-jads. It crystallizes in the form of the rhomboidal 
dodecahedron, and the crystals possess considerable brilliancy. Calamine, when pore, contains 
about 52 per cent, of zinc ; but its composition varies much. It is usually of a dull vellow or of a 
reddish-brown colour; its primitive crystalline form is the rhombohedron, but, like blende, it 
occurs more frequently massive than in crystals. Formerly large quantities of this mineral were 
raised in Somersetshire and exported as ballast, its value being then unknown ; Cumberland is tlie 
only locality in this country that now produces calamine in considerable quantities. Belgimn, 
Silesia and Carinthia, and the north coast of Spain, ure rich in this ore. 

Zinc is extracted from its ores by calcining them with carbon, after having roasted them and 
reduced them to a fine powder in clay pipes anran^red in furnaces constructed for that purpose. The 
blende is converted into oxide by oxidation, and the carlnmate also gives oxide by losing carbonic 
anhydride. The oxide when calcined with carbon gives metallic zinc. The apparatus employed in 
the reduction of zinc may be constructed to allow the metal to fiow out at the bottom as it fusea ; 
this method is known as distillation per descensum^ and is the one usually employed in England. 
With another arrangement of the apparatus, the zino is reduced to vapour and Hxem distilled ; thia 
latter method is known as distillation per ascensum. 

The zinc of commerce is never perfectly pure ; it always contains a little carbon, arsenic, iron, 
manganese, and more rarely, tin, copper, lead, cadmium, and sulphur. It cannot be freed from 
these metals by distillation even. The best way to obtain it pure is to reduce pure oxide of zino by 
equally pure carbon, prepared by calcining loaf- sugar. Zinc decomposes vapour of water at 212^; 
when cold, it substitutes itself for the hydrogen of the acids ; the preparation of hydrogen is founded 
u{)on this property. Gold, silver, platinum, copper, bismuth, antimony, tin, cadmium, mercury, 
lead, and tne other metals less oxidiznble than itself, are precipitated by zinc from their saline 
solutions. When hot, the hydrates of potassium and sodium, and even the solution of ammonia^ 
dissolve zinc with a liberation ot hydrogen. With the fixed alkalies, there is formed in this case 
nlkaliue zincates. 

Putaasa. Zinc Zincate uf potaasa. Hjdrogen. 

As a diatomic metal, zino combines with two atoms of chlorine, bromine, and iodine, giving a 
chloride ^^{qi i & bromide ^i^JqI » ^^^ nn iodide Zd{t < It forms besides with oxygen a protoxide 

ZnO, and a binoxide j&nO,. To the protoxide corresponds a hydrate jj^f^ti which furnishes a 

series of salts by the substitution of the radical acids for the typical hydrogen it contains. With 
sulphur, zinc forms but one combination, namely, a monosulphioe 2n S, which, under the name of 
blende, is the most abundant of its ores. The combinations of zinc with themonatomic metaUoida 
have now to be considered. 
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Chhride of ZinCy Zn |qi .—Chloride of zinc may be obtained by heating zinc in a current of 

chlorine. The metal bums in this caae^ and is oonyerted into chloride. But this chloride may be 
obtained mnch more rapidly and cheaply by dissolying zinc in hydrochloric acid. 

Hydrochloric add. Chloride of sine. 



Zn 
Zinc 



Hydrogoa. 



Wlien the metal is dissolved, the solution is filtered to remove the impurities that do not dissolve, 
and afterwards evaporated. As soon as evaporation is complete, the mass is fused and run upon a 
clean stone, and immediately after solidification pounded and plaoed in a well-stopped bottle. If it 
were allowed to cool while exposed to the air, it would become moist on the surface. To the older 
diemists this substance was known as butter of zinc. If instead of completely evaporating the solu- 
tion the operation be stopped when the liquor has become very concentrated, the chloride will be 
deposited oy the cooliog or the solution in hydrated crystals. 

Chloride of zinc is of a greyish colour ; it fuses at about 482°, and at 752° it begins to vapourize. 
It is an extremely diliquescent substance. It evolves much heat on dissolving in water, and its 
avidity for this liquid is such that it destroys the tissues of the body by taking up the water which 
they contain. For this reason it is often employed in medicine as a caustic. Alcohol also dissolves 
chloride of zinc. If such a solution be heated the alcohol will be dehydrated, and according to the 
proportion of chloride employed, there will be produced ethylene 6, H4, or ether 64 H|, O. 

+ «tH4 

Ethylene. 



Alcohol. 

2e,H,e 

AkohoL 



Water. 

Water. 



64 H,, 

EUier. 



Bromidi of Zmc, %n { S^ . — ^The bromide is obtained in the same way as the chloride, and it 

possesses similar properties. 

Iodide of Zinc, jSn |j .—This substance is prepared by pounding iodine and zinc dust in water; 

it is of a white colour and is soluble in water. Iodide of zinc is of verjr little importance ; according 
to Bouchardat it might be employed in medicine in preference to the iodide of lead. 

The combinations of zinc wiUi the diatondo metalloids serve some important uses, and offer 
several points of interest. 

Protoxide of Zinc, Zn ^.— For industrial purposes, some of which we have already alluded to, the 




of zinc is also prepared by heating the hydrate of this metal, by calcining the nitrate or the 
carbonate, and by heating the bisulphite obtained by the action of sulphurous anhydride upon 
blende pulverized and in suspension in water. At ordinary temperatures this oxide is white ; it 
becomes yellow when heated, but resumes its original colour on cooling. When obtained by the 
calcination of the metal, it is light and has a woolly apnearaiico ; if prepared from the bisulphite, 
it has a spongy appearance, but is equally light ; but when obtained oy calcining the nitrate, it is 
pulverulent and heavy. 

The oxide of zinc is absolutely fixed ; water dissolves only i^iatb ^^ ^^ ^^^ ^^^ ^ sufficient to 
be sensible to litmus paper. It is a basic anhydride, making tne double decomposition with the 
acids, and gives well-oefined salts, isomorphous with those of magnesium. 

Hydrate of Zinc, ^| O, . — If an alkaline solution be poured into the solution of a salt of zinc, 

a precipitate is formea which, when collected upon a filter and well washed, constitutes the hydrate 
of zinc This hydrate loses a molecule of water under the infiuence of heat, and leaves a residue of 
anhydrous oxide of zinc. 

Hydrate of zinc produces the double decomposition with the acids, and gives salts which are due 
to the substitution of the radicals of these salts for its typical hydroeen. It must be considered as 
a somewhat powerful base ; yet in the presence of the veiy powerful bases, it may also exchange its 
hydrogen for a metal and giv<i zincates ; in such a case it plays the part of a weak acid. 



I. 



Hydrate of tloa 
Hydrate of tine. 



NIUlo mUL Mttrau ul ilnc 



Fotasalc hydrate. 



2n 

(N . 

Mitxate uf line 

Water. 



Water. 
ZincateofpotasML 



Sfdphate of Zinc, ^^ *} ^ *'~^ ^® laboratory, sulphate of zinc is prepared by dissolving metallic 
lino in dilute sulphuric acid. 



an 

zinc 



Salphorie acid. 



Hydrogen. 



, The residues from the preparation of hydrogen are utilized for this purpose; these liquors need only 
V to be filtered and crystallized. 
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For industrial purpoBes, it is prepared by roasting blende or natural sulphide of zino; oxygen 
thus enters into combination with this substance and converts it into a sulphate. The mass is then 
treated by water, which dissolves the sulphate of zino ; it is afterwards decanted and crystallised. 

SSnS + 2(1}) = S^.}g. 

Sulphide of tine Oxygen. Sulphate of zinc. 

To render it more easy of transport, this salt is fused in its water of crystallization and run into 
cakes. 

Sulphate of zino dissolves in two or three times its weight of water at ordinary temperatures. 
At these temperatures it crystallizes with 7 molecules of water of crystallization ; it may also crys- 
tallize with difTerent quantities of water when the conditions under which crystallization takes 
place are varied. In every case the crystals of sulphate of zinc are iaomorphous with those of the 
sulphate of magnesium that contain the same quantity of water. 

Tills sulphate combines with the alkaline sulphates, and gives double salts which crystallize 
with 6 molecules of water. The double salt of zinc and potassium corresponds to the formula 

When heated to a high temperature, sulphate of zinc is decomposed, and leaves a residue of 
oxide of zinc. 

Binoxide of Zinc, Zn O, . — The binoxide is obtained by acting on the protoxide with oxygenated 
water. 

ZuB + H,e, .= H,e + 55ne, 

Protoxide of sine. Oxygenated vr&ter. ' Water. Binoxide of sine. 

It is a very unstable substance. 

Sulphide of Zinc, %n S. — Sulphide of zinc is found native, and, under the name of blende, consti- 
tntes, as we have seen, the principal ore zinc. It may be obtained artificially by precipitating 
u salt of zino by means of the soluble sulphides. 



^fd^' + k}s = ^1;}^. 



%n5 



Sulphate of sine Sulphide of Sulphate of Sulphide of sine. 

potasilum. potaauum. 

When roasted, the sulphide of zino is converted, according to the temperature, either into a 
sulphate or into sulphurous anhydride and oxide. 

1. ZnS + 2(1}) = SO^Je. 

Sulphide of sine Oxygen. Sulphate of sine 



2. 2ZnS + 3 



(e}) = ^^^« + 2*°^ 



Sulphide of stale Oxygen. Sulphurous Oxide of sine. 

anhydride. 

Sulphide of zino dissolves in the acids with a liberation of hydrosulphuric acid. 

Zn9 + 2(«}) = 8a{« + ^S 

Sulphide of sine Hydrochloric acid. Chloride of sine. Sulphuretted 

hydrogen. 

Carbonate of Zinc. — The carbonate of zinc is also found in nature, and is known as calamine. It 
is one of the ores of zino ; but, except in the metallurgy of zinc, it has not been applied to any 
purpose. 

Reactions of the 8<dts of Zinc. — The characteristics of the salts of zinc are the following: — 

1. Hydrosulphuric acid does not precipitate them, unless the salt is derived from a weak add, 
such as acetic acid, in which case a white precipitate of sulphide of zinc is formed. 

2. Both potassa and ammonia throw down from their solutions a white precipitate of hydrate of 
zinc, soluble in an excess of the reagent. 

B. Sulphide of ammonium produces in them a white precipitate of sulphide of zino, soluble 
in dilute hydrochloric acid. 

4. Tlie carbonates of potassium and sodium give with the salts of zinc a white precipitate of 
carbonate of zino insoluble in an excess of the reagent. 

5. The carbonate of ammonia acts in the same manner ; but in this case the precipitate dissolves 
in an excess of the reagent. 

Professor Miller sums up the characters of the salts of zinc as follow;— The salts of zinc aro 
colourless ; their solutions have an astringent metallic taste, and act rapidly as emetics. They are 
distinguished by giving no precipitate in acid solutions with sulphuretted hydrogen, but they yield 
a white hydrated sulphide of zinc with sulphide of ammonium. 
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Abacus, i. 

At)atti8, 4. 
Abattoir, 6. 
A I sorption, 431. 
Al«tractlng dlmondoDS. 5. 
A butment, 6, 695. 
Abutting Joint, 6. 
Accc>lerat^ mutton, 5. 
Acceleration, 6. 

Accumulator, Armstrong's, 1963. 
Achromatic lens, 8. 
Acre, 8. 

Acreage, railway, calculation of, 3710. 
Adams' bracket fastening for permanrat wmy, 
2593. 

bralce, 695. 

girder raUs, 3594. 

suspended girder rails, 3595. 

Addis' wrought-iron sleepers, 3589. 
Addressing macbine, 8. 
Adhesion, 8, 1341. 

of looomotives, 1341. 

Adit, 10. 
Adze, 10. 
Adzes, 1806. 
After-damp, 10. 
Agricultund engines, 32. 

implements, 11. 

Aich's metal, 33. 
Air-blower, Q Wynne's, 377. 

brick, 33. 

chamber, 34, 3677. 

compressing engine, 530. 

compreoor, 534. 

drain, 36. 

. — r engine, 36. 

escape, 37. 

grating, 34. 

gun» 38. 

holes, 38. 

pipes, 38. 

<• pumps, 39. 3691. 

BaneU and Foster's, 3691. 

resistance of, in mines, 63. 

shafl. 41. 

stove, 41. 

trap, 41. 

valve, 41. 

vclosity of. In mines, 69. 

wsy. 41. 

Ajutage, 41. 

Albert Harboar at Greenock, 1838. 

Albini's ship's compass, 1010. 

Algebraic signs, 41. 

Allan's feed-i^pe connection for looomotiTe 

boilers, 1463. 
Alloys, 46. 

component elements of, 49. 

fusibility of, 47, 49. 

hardness of, 48. 

— — of antimony. 111. 

of arsenic, 145. 

of bUnnuth, 337. 

— — of copper, 1060. 

of gold, 1697. 

of iron, 3038. 

of lead, 3314. 

— of manganese, 3354. 

of silver. 3874. 

oxid4tlon of, 48. 

Rp^'t I Re gravity of, 47. 

Alluvial deposits. 6a 
Aluminium, 50. 

bronze, 61. 

Amalgam, 51. 

Amiilgamatlng machine, 51, 1116. 

pan, 55, 3879. 

Amalgamation pan, 64. 



Amalgamator, Attwood's, 66. 
Ambler's continuous brake, 686. 
Ambulance, 66. 
Amm<inla in water, 3063. 
Ammunition, 58. 
Amsterdam level, 113. 
Analysis, water, 3053. 
Anchor, 58. 

for steam plonghing, 13, 33. 

of Victoria Dock gates. 60. 

Andre's hydraulic mlnmg pump, 3677, 3686. 
Anemometer, 61. 
Angle-bead, 90. 

brace, 90. 

brackets, 90. 

iron, 93. 

of friction, 93. 

of repose, 93, 96, 274L 

or V bobs, 3676. 

rafter, 95. 

Angular motion, or velodty, 96. 
Animal-charooal machine, 104. 
Aunealing fumaoe, 110. 

kiln, Crossley's, 3188. 

.^— steel for catting-tools,20X 

Annular piston, lln. 

Anstmther's electro-chroooscope. 1771 

Anti-corrosion, 110. 

Anti-oorrosive paints, 1093. 

Anti-fricUon curve, Sdiiele's, 1586. 

Anti-friction metal, 110. 

Antimony, llO. 

Anvil, 113, 1808. 

Apertare, 113. 

Applsby Brothers' pOe-driver, 3636. 

Appold s brake apparatus for lining sabmarlne 

cables, 619. 
Appolt's coke-ovens, 3566. 
Approaches, 111 
Apron, 1 13. 

hi shlp-boildlng, 113. 

lining, 113. 

piece, 113. 

Aqucdoct, 113, 3147. 
Ait^ 131. 

basket-handled, 365. 

oblique, 700, 737, 790, 3617. 

calculation of curves, 3533. 

development of the carve of oMiqoe 
KCtlon, 3518. 

example of, 3636. 

imposts, 3636. 

projection of spiral line upon a 
cylindrical snrfaoe, 3519. 

projection of spiral surface, 3619. 

to nnd the oblique section, 3518. 

twisting rules, 3533. 

voussoirs, 3533. 
Arched truss, McCallum's infiezible«677. 
Arches, abutments and piers of, 696. 

buttresses, 697. 

elliptical. 684. 

general information for, 695. 

— general observatloDS on the ooostmction of, 

697. 

head-rings. 696. 

parallel. In ecbellon. 734. 

— plen, 697. 

— — plinths snd oordoos, 696w 

proportions of various parts, 696. 

segmental, 688. 

— — semidrcnlar, 684. 

voussoirs, 696. 

Archimedisn screw, 133. 
Area, 138. 

drain, 138. 

Areas, water supply and drsinsge, 3061. 
Argentan, 138. 
' Armandie's balaiiee4)eam pump, 1946. 



Arm-band, 128. 

Arming press, 138. 

Armour, 129. 

Armsirong'it socnmnlator, 1963. 

dovetailing msdiine, 3113. 

Arrastre, 142. 
Arris, 143. 

fillet, 143. 

gutter. 143, 

rail, 143. 

wise, 143. 

Arsenic, 144. 
Artesian well, 146. 
ArtlflcUl stone, 160. 

water-channels, 3063. 

Artillenr, 160. 

Ashlar backed with rabble, 3376. 

bastard, 365. 

in copings 3376. 

or Mliler-work, 179, 3373. 

Ashlering, 179. 
Ash-psn, 180. 

pit, 180. 

AspbaltoJ» 80. 939, 3783. j 

composition for street paving, 939. 3783. \^' 

Assay balance, 317. ^ 

Assaying, 183. 

Atom, 189. 

Atoml* weights. 189. 

Attemperator, 196. 

Attio, 197. 

Attwood's smalgamator, 66. 

machine, 7, 197. 

Auger, 197. 

Aoiodynamic elevator, Chamnsaar's, 1938. 

Automatic shaping machine lor wood, 3116. 

Awl. 303. 

Axe, 303, 1806. 

Axis. 303. 

Axle-bearings, machine for boring, 3346. 

box, 211. 

-— gresae,303. 

Uthe, 3343. 

tree, 311. 

Axles, 303. 

Fsilwsy, 3403. 
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_'ABBIT'S metal, 311. 
Back, 311. 

day, 311. 

Backer, 31k 
Back-flap, 311. 

hearth, 311. 

In brewing, 311. 

Bscking, 311. 
Bsck-Joint, 311. 

lash, 311. 

lining of a boxing, 311. 

'— of a sssh-fnme, 311. 

links, 311. 

of a window, 311. 

Backwater, 311. 
Badifceon, 311. 
Bag. 311. 
Balance, 311. 

beam pump, Armsadie's, 1945. 

bots. 3676. 

vslve, 317. 

Balection. 317. 
Balk. 317. 

Ball-and-socket Joint, 317. 
Ballast, 317. 
Ballssttng. 584, 3735. 

and boxing, railway, 3736. 

Bsllast-wsgon, 318. 
Ball-cock, 317. 

lever, 317. 

valve, 217. 
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fialnster, 218. 

Balustrade, 218. 

Banding plane, 218. 

Band aawing marhfne, 3089. 

Banker, 218. 

Banic-note printing maoWniy 218 

Kauquette, 1533. 

Bar, 222. 

Barbette, 222, 1533. 

Barge-board, 222. 

couples, 222. 

course, 222. 

Barker's mill, 230. 
Barley-dressing macfaf ne, 222. 
Bartow's cast-iron sleepers, 2687. 

rails, 2693. 

Bamett and Foster's air-pump^ 3691. 
Bam machinery, 223. 
Barometer, 235, 2451. 
Barometric calculations, 239. 

tables, 240. 

Barracks, 244. 
Barrage, 250,1135. 

movable, 266. 

Barrel, 264. 

curbb 264. 

dndo. 264. 

BaTTl«r,264. 
Barrow, 264. 
Bars, goard, 265. 

river, 276X 

Bascule bridges, 365. 
Boae lines, 265, 2864. 396& 
Bssementk 266. 
Base plate, 266. 394. 
Basin, 265. 

Basket-handled arch, 265. 
Bsstord ashlar, 265. 
— — stucco, 265. 

toothed flle^ 266. 

Bsstion, 266, 1533. 
Bat, 265. 

BatcheUr's kUn, 3187. 
Batea, 265. 
Bateau-vanne, 264. 
Bath. 265. 

metal, 266. 

Ratten, 266. 

Botteninft 266. 

Batter, 266. 2373. 

Battery, bichromate of potash, 276. 

— ^ Kunscn's, 269. 

Datgleish's, 539. 540. 

Doniell's, 269, 539. 2984. 

— - employed to crush auriteoas rocks, 373. 
-— galvanic^ 266, 634. 

Grove's, 534, 539. 

-^ Hore'fe, 268. 

Leclanch^X 2984. 

McCallan's, 539. 

—— Marie-Davy's, 2984. 

— Mtnotti'tf, 2984. 

Muncke'H. 268. 

ship's, 276. 

Sniee's, 539. 

Wollaaton's, 368, 639. 

Banlk, 217. 
Bay. 292. 

ofJoi8to»^6«^ 

of roofing, 393. 

Beacons, buoys, and lights, 3255, 2277. 

Bead, 292. 

^— and batten work, 293. 

buttt293. 

flnab, 293. 

Beam, 293. 

^— compasses. 1006. 

— engine, 2910. 

fllUng, 293. 

Beams, continuous, 2395. 

cast-iron, experiments on, 764. 

deflecUon of, 2397. 

flitch. 2408. 

— — > rolled iron, strei^^lh of. 3406. 
Bearer, 393. 
Bearing. 293. 

and sheet piles. 3618. 

distance, 293. 

out, 293. 

Bed, 293. 

plate. 294. 

Bedding stone, 294. 

timbers, the process of, 393. 

B«>Ue,294. 
BelU 294. 
cnnk,297. 



Ben banging, domestic, 397. 

metal, 298. 

^— trap, 299. 

Bellows-pump, Mott^Sk 194&. 

Bells, casting, 1549. 

Belting, chain, 335. 

Belts and pulleys, dimensions of, 317. 

monuikcture of, 313, 3014. 

slip of, 399. 

tension o( 303. 

transmission of moHoD by mMna €S, 390. 

Bench. 336. 

hook, 336. 

marks, 3S6L 

Bend, 337. 

Bergstrosm's boring madilne, 533. 

Berm, 337, 1533. 

Bemot's file<cutting machine^ 1466. 

Bessemer steel prooeiis^ 2933. 

steel ndlfl^ 2698. 

Beton. 337. 
Bevel. 337. 

angle, 837. 

Bevelled gearing 1635. 

Bevels and squazes, 1816. 

Bevil,337. 

Bichromate of potash battery« 270. 

Bickford's fnie-making machine, 1607. 

Btgnon's funnel, 1597. 

Buge-pumps, 1940, 3690. 

Binders, 337. 

Binding joisiB, 337. 

Bird's month, 337. 

Birmingham wire gaoge, 1630. 

Biscuit machine, 337. 

Bisecting gauge, 3444. 

Bismuth. 337. 

Bits, 338. 

— sod brsoeik 1833. 

Blake's stone-breaidng machine, 3544. 

BlakisUm's trough-shaped railway cfaaixi, 2593. 

Blait furnace. 338, 2046. 

utilization of waste gaaet from, S63. 

hot, 2054. 

machines, fkn, 376. 

pipe, 366. 

BiosUng. 338, 529. 

at Holyhead Harboor, 533. 

at Searord, Sussex, 5tfO. 

demoUtiun effort by. 529. 

explosive compound employed in, 68L 

— -> gunpowder, Schwarts's, 582. 

Blende, 3116. 

Blind area, 366. 

BUndii^, 366. 

Block. 366. 

BlockhoQW, 367. 1633L 

Blocking, 366. 

course, 367. 

Bloom, 367. 

Blooming machine. 367. 
Blowing engine, 368, 2063. 

engines, Dowlais Iron-works^ 373. 

machine, 368. 

ventilators, 1463. 

Blow-off cock, 380. 
Blow-pipe. 182, 380. 
Board. 380. 

Board-and-brace wi«k, 380. 
Bo^llMng. 380. 

Joists, 380. 

Boasting, 380. 

Body-plan, shtp-bollding, 380. 

Boiler, 389. 2853. 

Boardman'a, 472. 

Benson's, 473. 

Gochrane's, 459. 

Dagliah and Co.'s, 466. 

DIckerson's, 454. 

Dundonald, 433. 

Dunn's, 456, 466, 471. 

Field, 472. 

-^ Howard's, 469. 

Hawk&ley, Wild and Co.'8, 466, 47X 

Hurophrys', 459. 

— — James', 430. 

Loader and Child's, 474. 

looomolive, 389, 474, 1085. 

—— — American, 476. 

BeattJe's L. h S.W.R., 476. 

Cross's, 476. 

—— HasBwell's Austrian. 476. 

B. Stephenson's, 477. 

— — ^— SwF R- 478 

Wakefield's O.S. ft W.R., Ireland, 478. 

— - marine, 389. 461, 2853. 



BoQer, Mootgomeryli, 434. 

Mont Storm's, 456. 

Ogle's. 430. 

plate bending wachtiM^ 1691. 

-~— flanging morhine, lOOOl 

plates^ 478. 

practical mles, 428. 420. 

Smart and Oo.'s, 466. 

Thomson's, 389. 

various kinds of, 431. 

wagon. 390. 

Whittle, 390. 

WUliomson and FbiUds', iSb, 

Wright's, 473. 

Boilers, anti-corrosive, 1068. 

— corrosion of, 1085. 

feed-water apporataa, ltd. 

heating surikce of. 440l 

— ^ incrustation of, 2002. 
-^— kKxxnotive, mountings for, 1189. 
^— prevention of incrostatlaiD, aoos. 
•^— priming of. 448. 

— Matlonary. 465. 
— — tubular, 441. 

Woolwich FlMtoiy, 464. 

Boiling-point, fixity of the tempesmtoie wx.i'ix 
»_ .__ Influen c e of sobstAncss in disBobiUjc 

43L 
BoUe's hydnalie na, 197L 
Bol8teri^478. 
Bolt-heads sad nnti^ bezsgDii, dtmoi^cns e^'. 

2517. 
Bolt4ieadB and nuts, weigbt of, 3f It. 
Bolting and dressing rnmAinrnm floor. SHS. 

mill. 479. 

Bolts, 479. 

and nntik 3517. 

forging, 1527. 

Bolt threading morhinf, 2S42. 

Bond, 479. 

■ common* 481. 

— course, 481. 482. 
— - diagonal, 481. 
Flemish, 479. 

French miUtoxy englneen^ 480. 

garden-wall, 479. 

heart, 481. 

•^— KmisveilMaid, 480. 
-^ old English, 479. 
— — ranging, 48L 

timber. 481. 482. 

Tyermon's patent hoop-iron. 482. 

Bonding bricks, 482. 
Bone-crushing mill, 12, 482. 
Bone-mill, 12, 482. 
Bonnet. 1533. 
Boom-derrick. 2343. 
Booth's steel- beaded Fails, 2598. 
Boot-making machinery. 486. 

sewing machine^ 496. 

Boring, accidents attending, 60a 

and blasfingi 498. 

and drilling machines, 3328. 

for minerals. 488. 1299. 

for water, 145. 

for water, London. 150. 

for water, Paris, 151. 

machine^ wheel. 2344. 

wood. 3104. 

machinery, Bergstroem's^ 622. 

— Low's, 515. 

Mather and Piatt's 528. 

tools used in, 146, 153. 

wheel-hubs. Sunn's hsnd "***^*nr^ iscSw 

Borings, tubing for, 513. 
Buttling machine, 582. 

Davidson's. 583. 

Hay ward Tjies'B, 582. 

Bottoming, 684. 
Booldo* paving, 581. 

walla, 584. 

Boundaries. 584. 
Bow-compass, 684. 

driU, 584. 

— — pen, 584. 
— • saw, 584. 
Box, 584. 

sextant, 2974. 

Boxing and ballostbift nilwaj, 27as. 

of a shutter, 684. 

Boyau, 584, 1633. 
Brace, 684. 

Braces and bits, 1822. 
Bracket, 584. 
Brake or break, 585 
Adams', 595. 
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Brake, AmUfi'fl, 886. 

appuAiaa for lAjlng labmArtaia cabkt, 

Appold't, 619. 

ooatlDnoiM, 586. 

Davtt*, 6M. 

dyiiAinoineter, 616. 

— . — Kmenon*! 63T. 

Prony** frlcUon, 616. 

Fa/b. 699. 

OUnuui's hemp, 628. 

Qoodnow's, 696. 

Gn6rtn'i> 608. 

— ^ Ingram's, 608. 

Kruaa and Oo.*a^ 614 

Landsee'a, 613. 

Lee'a, 694. 

Mewall'a, 699. 

StUmant'a, 688. 

varioaa forma of, naed In France^ 693. 

Brakea, ezperlmenta oo the power of, 1361. 

steam. 611. 

Bramah picas, 1983. 

Braoderiiig, 629. 
Bran-aeparator, 228, 629. 
Bnuak 629. 

and copper, tlnnlbg of, 1668. 

founding, 1666. 

gttna, caatinft 1649. 

Braaing copper, 639. 
Boldera, 629. 

Bread and biacolt machinery. Vicar's, 637. 

machine, 630. 

Bread-making machlnny, Wataon's^ 630. 

Breaking Joint, 4T9, 640. 

Breakwater. 629. 

Breast-wall, 6i0. 

water-wbeela, 640l 1916. 

wheel, 640, 1916. 

work. 640, 1633. 

Breckon and Dlzun's coke ovens. 2664. 

Breeie. 640. 

oven, 640. 

Breaaommer, 6l0. 

Brewing apparatna, 640. 

Brick confalta, 3062. 

diTlng apparatoa, Fulah's, 651. 

kiln, English, 660. 

^— firing, 661. 

Indian, 660. 

Brick-making maohinery, 64X 
^ Clajum and Oo.'b, 643, 660, 662; 664. 

Large's, 655. 

Martha's, 661. 

Oatee', 642. 

Piatt and Go.'6. 647. 

nogglng,666. 

trimmer, 666. 

BrickBL bonding. 48X 

bonilng, mclamp^ 661. 

cUnker, 661. 

— drying; 659. 

moulding, 659. 

place. 661. 

stock, 661. 

Brickwork, 1028. 3718. 

BIldg^ 265. 665, 727, 3S17, 3tl». 

Britannia, 740. 

Broadwall, 756. 

bnlldlng, Boebling'a vyslem, 702. 727. 

Charing Qroaa, 748. 

Chelsea sospension, 764. 863. 

conatmction, timber, 736. 

heMl,880. 

hydraoUc awing, over the riter (hue, 791. 

improved Howe traas^ 676. 

Lonff'a tniaa, 673. 

MoCUlum'a inflexible arched truas, 677. 

Monongahela River, 768. 

Steele's Improved Burr trass, 674. 

the Burr tmas, 671. 

the Howe tmas, 673. 

tmaaed girder, oalcaktkn of different 

Btraina, 7'il. 

WeUlngton Street, 756. 

Bridges, bascule, 365. 

chain and snqpenslon, 760. 

oombined soapension and tniaa. 68a 

girder, beating rollen. 787, 789. 

oalcnlatton for atmple lattice, 797. 

croaa-girders, 776. 

flooring o( 774. 

horlaontal tmaalng. 778. 

loada applicable to principal ginSera. 

787. 

loada applicable to raUway brtdgea, 

788. 



Bridgeik girder, loada applicable to road brtdgea, 

788. 
——^—momenta of mptnie, and ahearlng 
strains for, 766. 

— proportion between span, bearing, and 

total length. 787. 

riv^tlngs and bolta. 773, 

tablca of foimnlSB, 865. 

vertical tnuaing, 777. 

. weight of parte, 783. 

weight of road. 858. 

Iron, 680, 739, 748, 766. 

obUqne, 700, 727, 790, 2617. 

—— heUcoldal arrangement, 727. 

— orthogonal anaogement, 782. 

parallel arches In echellon, 734. 

timber, 734. 

skew, 700, 727. 790, 3617. 

stone, 683. 739. 3517. 

dimensions of ezlallng. 699. 

— — formohn for principal dlmmaloni, 699. 

— — snapenaion, 741, 760. 

wooden, 671. 

Brisore, 1633. 
Britannia Bridge, 740. 

metal, 880. 

Bronae, 880. 

— - alnmlninm, 51. 

Brtickner'a cylinder for roasting silver ores, 

3649. 

prooeas for chloridising ailver ore, 1603. 

Buckled pUtes, strength and weight of, 3410. 
Buddie, 88a 

for lead orea, 3539. 

Boddling tin orea, 3638, 3539. 
Buffer. 881. 

Sleme'a. 883. 

Buffing and drawing appamtos, Chattaway'i; 

881. t 
BuUdlng.883. 
Bullet-making machine, 883. 

Cuatar'a, 886. 

Bung<uttlng machine. 886. 

Bunaen's battery, 369. 

Buoys. Ughta, and beaoona, 886» 2265, 3377. 

Borells reflecting level, 1007. 

Burnisher. 886. 

Burr bridge, 671. 

traBa.67X 

Steele's Improved. 674. 

Baah,88a 

Bntterfly-Tslve, 88a 
Buttock-line, 384. 
Bnttrcaa, 88a 3747. 
Butt-weld, 88a 
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ABLF^ 886. 
OaUea, chain, strength of, 3387. 
•^— experiments to determine cnrvatore of, 893. 

r atrength of, 891, 3387. 

Cage, aafety, 897. 
CalMon, 898, 1031. 
Oalamlne, 3116. 
Calculating Instnuncnti, 3. 
Calender, 899. 

More's. 90a 

Thomstm and Oo.*s, 899. 

Gallgny'a conical pump^ 1938. 
Oallpera, 903. 

and cnmpassts, 1830. 

OBlklng,903. 

iron. 903. 

Oslori&c action In the formation of steam. 423. 

capadtT of bodlea, 893; 394. 

of gaaea, 393, 

power, application cX, 401. 

Cam, 903, 1638, 3434. 

Csmera Ivcida, 90a 

Ckmpbell and Oo.'s floating dock, 1364. 

Osna),907. 

locks, 3307. 

Sues. 917. 

Csnals, motion of water In. 907. 
Gsndle-maklng machine HanrlsoD Gambo'i, 929. 

wkka.93a 

0Bnd]ea933. 

composite, 938. 

dlpa, 936. 

moulds, 937. 

Cannon caating, 1656. 
OMmtchooc, 939, 3004, 
Oaponnldre. 1633. 
OsiMtan. 939. 
Oudboanl<ntttaK machine, 929. 



Carpet-beating machina929. 
Carpets, india-rubber, 301X 
Carr^'a ice-making machine. 1998. 
Garrett and Oo.'s steam-pump. 1939. 
Carriage planing machine; 3u95. 
Carrier. 939. 
Carr's dialntegmting flour-mill, 21 S8. 

mineral disintegrator, 3545. 

Carrying and tipping coal. Rlgg'a apparatus, 

Outridge, 929. 

Cartridges. 1495. 

Ckrtwnght's cordelier. 3826. 

OsrverB' and print-cuttera' loola, 1826. 

Carving machinery. 928. 

CSse-hardening. 929. 

Oisemate, 939, 1533. 

Cask machinery. 939, 3917. 

Ouk-maUnic machine. Hadfleld'a, 3917. 

Caalon and Fagg'a type-foonding machine, 1666. 

Cast iron, 3041. 

refining, 3071. 

refining, theory at, 3074. 

steel. 3934. 

CMting and founding. 939, 1636. 

bells, 1549. 

braas guna, 1549. 

cannon, 1566. 

metals. Jobson's moulds for, 1640. 

Castralae pump. 1944. 
Oatadioptric light, 336a 
CaUpult. 939. 
Oathetometer, 930, 337a 
Cement, 931. 3379. 

for atone and brick work, 939. 

Qoreham'a Kiln for homing, 3178. 

— — hydraulic, natural and artificial, 936. 

india-rubber, 30ia 

Fbrtland. 931. 

Roman. 933. 

Cementation ated, 3931. 
Cementa for cast inn. 939. 

limes and mortars, 931, 3379. 

Centra-bit, 939. 

Centre of gravity, 939, 1133. 

^— of gyration, 103. 

of oaoillatlon, 356X 

of presaure, 1130. 

OBntrlftigal force, 99. 

pump, 939, 1946. 3679. 

•^ pumpa. Colgnard and Co.'s, 1951. 

— efflden^ of. 368a 

Wynne and Oo.'b, 1949, 1958. 

Meut and Dnmont's, 1948. 

— proportions of parts, 3679. 

Oentrollnead. 3444. 
Chaff-cutter. 339. 939. 
Chain belting, 33a 

cablea and hawsers, 893. 

strength of, 891. 3387. 

Flelden's caat link, 336. 

pump, 940, 1937, 3680. 

pomps, Murray's, 2680. 

Chains, sorveying, 2964. 

Chain, BlakistoniB trough-shaped, 3693. 

Fowler's Joint, 2591. 

keys and faatenlngs for permanent way, 

2589. 

Ran s omes and May'a eaat-lron, 3590. 

Champaaur's antodynamlo elevator, 1938. 

ChAtlUonala preas, the, la 

Cliattaway'a central bnfllttg and drawing appa- 

nttiis,881. 
Check-valve, 94a 
Cheeae preas^ 94a 

vat, 94a 

Chelaea anapenaion bridge. 764. 96S. 

Chemical nomenciatore, l9a 

Chevaox de friae, 941, 1533. 

Cbinmey, 941. 

Chlmneya, caloolation of diameter, 964. 

— oonstroctlon of, 967. 

'—' dran^t, 956. 

cfltels produced by meeting of currents, 

960. 
-^ footorr. 967. 

-^ mmenidons of. 963. 

— — general consfclMatlons on, 04a 

flow of air in, 948. 

Influence of cooling of the ooter surface upon 

the drani^t, 964. 
.^— lateral pressore in, 95a 

losBof beat occasioned 1^, 961. 

■ registera, 960. 

sections of, for dlffenni kinds of fhel. 963. 

Chlael.961. 

9 N 
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Chisels and gouges, 1819. 

Ghloridising diver ore, Brlickner's .process, 1603. 

Chooolate machine, 961. 

Choke-damp, 10. 

Chromogn^, 961. 

Chuck, 961. 

Cham, 961. 

Cider-mill, 961. 

press, 16. 

Circles, primitive, or pitch, 162T. 
CircaUr saw. 961. 
Circumferentrr, 961. 2672. 
Clack-valve, 961. 
Clamp, 961. 

of bricks. 661. 

Clark's hydnalic-lin dock, 1265. 

Claosthal ftamace^ 1601. 

Clay's machinery for heavy forging, 1530. 

Cleat, 961. 

Clifton sospenslon bridge, ?60. 

ainometer, De Lisle's, 2772. 

ClIpHdnim, 961. 

ClisBold's chain belting, 336. 

Cloth-working machinery, 961. 

aab-honaes, veaUlaUon and warming of, 3038. 

Clutch, 962. 

Coal-cutting machine, 962. 

Donisthorpe's, 965. 

Frith'8,962. 

-— . —^ hydraulic, 968. 

Coal, heat developed by, 438. 446. 

mining, 971. 

Bigg's apparatu^ carrying and tipping, 

1857. 
— shipping and keels, 2170. 

waging machine, 979. 

Coast defence, 983. 

defences, daadflcatlon of, 988. 

Eloglirii, estimated cost of, 999. 

general principles of, 986. 

history. 984. 

notes on batteries, 997. 

reconnaissance of sea ftt>nt{er,- 984. 

CoefBdents of crushing strength, 2383. 

of specific heat. 393, 394. 

of tearing strength, 2387. 

ColTee-huUing machine, 1004. 

mill, 1004. 

Coifer-dam, 1006. 1021. 

Cog-wheels, 1006. 

Cohesion, 1001, 2377. 

Colgnet's agglcsneiated concrete, 937. 

CoiU 1005. 

Coke oven, 2653. 

Appolt's, 2666. 

BrtKdcon and Dixon's, 2564. 

Lord Dnndonald'B, 2553. 

theKnaborPemolet,2567. 

Coking oven, 1005. 

Collar, 1005. 

Collom's ore-v^aahing marhinfj, 2546. 

Combing machine, 1006. 

Common bond, 461. 

water-wheels, 1912. 

Compass, 1005. 

bow, 584. 

mining, Hedley's. 1016. 

prismatic, 2976. 

reconnoitring, 1007. 

ship's, Albinl's. 1010. 

Compasses, 1005. 

and calipera, 1830. 

beam, 1006. 

— — proportional, 2444. 
Compound engine, 2902. 
Compressed-eir pumps, lAburthe's, 1946. 
Compressive strength of materials, 2382. 
Concivte, 1016, 1017, 22H4. 

Colgnet's agRlomerated, 937, 939. 

Concretes, lime, 2284. 

mixing, 2287. 

Portland cement, 2286. 

Roman cement, 2285. 

Condensation of steam, 421. 
Condenser, 1016, 1170. 1176, 2853, 2898. 
Conduits and feedere, 3062. 

water-works, 3062. 

Conical-plate planing machine^ 1794 
Constmction, 1016. 
Continuous besms, 2396. 

brakes, 585. 

Contrsctoni' pumps, 2090L 
Cooler, 1055. 
Coopers' tools, 1814. 
Coping, 1082. 
Copper, 1059. 



Copper, alloys of, 1060. 

— — aixl brass, tinning of, 1558. 

brasing, 629. 

chemical properties of, 1071. 

manufacture of, 1061. 

ore, crushing. 2536. 

dressing. 2535. 

Jigging, 2536. 

ores of, 1059. 

smelting of, 1061, 1076. 

uses of, 1061. ' 

Coppersmiths' and tinsmithsf tools, 1809. 
Cop^inner, 1082. 
Corbel, 585. 

piece. 479. 

Cordelier, Oartwright's. 2826. 
Cork<nttlng machine, 1082. 
Corliss engine. 1403. 
Com-cnisEers, 229. 

mill. 1086. 

— portable, 288. 

Cornice, 1085. 
Cornish engine, 1085. 2913. 
— — pump. 2681. 
Corrosion, 1086. 

of stesm-boUers, 1086. 

Corrugated iron, 2410. 

Cotter. 1093. 

CotUm-ghi, 1093, 1114, 1668. 

machinery. 1093. 

Arkwright's. 1096. 

carding, 1099, 1115. 

drawing, 1103. 

Hargreavet*, 1094. 

— opening, 1097. 

scutdiinit 1097. 

— • — ^ slubblng and roving, 1106. 

spinnbig. 1107. 

press, 1117. 

Counter. 1117. 
— balance, 1117. 

fort, 1117, 1533. 2746. 

mbie, 1117, 1533. 

Counterscarp, 1533. 

Counters for public carriages, 2. 

Countersunk, 1117. 

Coupling, 1117. 

Courses, arrangement in masonry, 2376. 

thicloMes in masonry, 2376. 

Cousinet. 1117. 

Covered way, 1117. 1533. 

Cow-milking marhfnfi, 16. 

Crab. 1117. 

Cradle, 1117. 

Cnunp. 1117. 

Crane. 1117, 1965, 2231, 2921. 

Cranes, hydraniic^ 1965. 

Crank, 1117. 

Gr^nudll^re, 1633. 

Creosoting. 2205. 

Crest, 1533. 

Cross cutting, sawing machine for, 3091. 

head, 1117. 

CroesinR. Ransomes and Biddell's main line, 

2606. 
Crossings, points, and switches, 2600, 2604, 2866. 
Crossley's annealing kiln, 2188. 
Cross-section of line, railway, 2712. 

sections, vertical, ship's. 387. 

Crowbar, 1117. 
Crown wheel, 1117. 
Crucibles, 1118, 1549. 

apparatus for making. 1549. 

Crushing and amalgamating machine 51, 1118. 

capper ores, 2536. 

mill for lead ores, 2539. 

strength of materials, coefl9dents of, 2383. 

Cultivation by steam power, 20. 
Culverts. 1119. 2710. 2724. 3u64. 

water-works, 3064. 

Cupola ftimaces, 2061. 

Cupolas and domes, 2792. 

Current, shock of, retainii^c walls, 2738. 

Curriers' and tanners' hand-tools, 1826. 

Curves and sradients, 2701. 

for teeth of wheels, 1621. 

resistance of. 2705. 

Curvilinear slotting machine, 2335. 
Cosheon, 1117. 

Coltlng-toola, annealing steel for, 202. 
Cuttings and embankments, railway, 1383. 2711. 

drainage of, 2714. 

Cydofcraph, 2444. 
Cycloid. 1621. 
Cy linden of pumps, 2671. 
C^Undrical gearing, 1631. 
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ALGLEISH'S battery, 639, 540. 
Dam. 250, 1119, 274X 

on the river Fnrens, 1132. 

sand in UoUaad, 1126. 

Damming, 1119. 

Damp course, 1026. 

Damper. 1161. 

Dams and wefrs. retaining walls^ 2743L 

comparison of stone, 1 139. 

formula for section of^ 1I4C 

Daniell's battery, 269. 539. 

Darcy's hydrauJJo gauge, 1908. 

Dash-pot, 1161. 

Datum line. 113, 1161. 

Davidson's bottling machfaie, 683. 

Davis' brake, 694. 

Dead centre. 1161. 

Deas and Rapier's switch-box, 2603. 

De Bergue's cast-iron siegers, 2588. 

Deblai. 1534. 

Defleetf on, experlmeats on, 332. 

ofbaun8,23»7. 

Demi-bssUon, 1534. 

lune, 1534. 

Dentists' and goldsmlthfll' rolla, 18101 

Derrick, 1161, 2243. 

Details of engines* 1161. 

Devil, 1201. 

Diagonal bond, 481. 

Diagram, graphic, 170S. 

Dial, 1201. 

float, 1911. 

Hedley's mlnli« 101&. 

Dies, 1201, 1822. 

and stocks, 1822. 

Digester, 1202. 
DiUulng tin ores, 2534. 
Dimendons, ahstzacting. 6. 
—^ of exisUi^ stone bridges, 689L 
Disc pUes^ 2642. 
Disintegrating flonr^mlU. 2488. 
Disintegrator, Carr'a mineral. 2648. 
Displacement, 1202. 
Distances. 1210. 

hostruments for detenninlng, ma 

Distemper. 1063. 
Distilling apparatus, 1214. 

sea^water, 1219. 

spirits. 1217. 

Distributing reservoirs, 3070. 
Diver, oonstituUonal fitness of, 1226. 
Dividing machine, 1226, 1802. 
Divii^, 1226. 

apparatus, 1228. 

I)ell. 1231. 

Dock, 1234. 

gates, dzy-do^ gates, 2293. 

toner gates. 2293. 

iron gates at Boulogne, 2298. 

materials employed, 2293. 

mixed gates at Fecamp. 2288. 

— — queuing and dosing, 2293. 

— • outer or deep-water-basin gate^ 229^ 

^— scouring gates, 2293. 

— sea gates, 2293. 

-^— wooden, 2294, 2296, 290% 2303. 

— — wrought iron, 2306. 

graving. 1704. 

Docks, construction withont coffer-dams. IMQ. 

Clark's hydnnlic lift, 1265. 

floating, Osmpbell and Ck>.'s. 1284. 

Rennie's, 1262. 

prindpal dimensions of, 1268. 

pumps for emptying, 2690. 

retaining walls, 2743. 

Tyne, at South Shieldi, 1264. 

Victoria, 1234. 

Dog, 1272. 

Dolly, or doUy-tab^ 1272. 

Dome, 1272. 

Domes and cupolas, 2792. 

Donisthorpe's coal-cutting madilne, 988t. 

Donkey-engine, 1272. 

Doors, 1044. 

Double-action water-pressure engine 1978. 

Double-trunk screw engines, 2842. 

Dovetail. 1272. 

Dovetailing machineiy, 3110. 

Dowel-pin, 1272. 

Dowlaia Iron-works Uowing engbie, 371. 

Drsg-har, 1272. 

Drainage, 1272. 2147. 2689, 2714. 2715. 27S0. 

areas, 3061. 

— and water supply. 3061. 

of cuttings. 37 14. 
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Drainage, emfaankmentB, aUS. 

mioea, 1272. 

pumpa for, 2881. 

roada, 2780. 

surface, 2689. 

Dnw-bar, 1272. 

Drawbridge, 1284. 

I>rawiDK and cutUng-off pUea, 9633. 

frame. 1291. 

knlvfS, 1821. 

Dredging, 1291. 27M. 

machine, 1291, 1293. 

Dresaing machines for flour, 2509. 
Drill, 1299. 

bow, 584. 

Drilling and boring machines, 2325. 

machine, band, 1836. 

multiple, 2344. 

Drum, 1301. 

I>ruma, varloaa modes of driving, 313. 

Dry-rot, 1301. 

prevention of^ 2306. 

Drying bricks, 669. 
Dnct-wheels. 1301. 
i >undonald's ooke-OTens, 2553. 
DuroBol's hydraulic propeller, 1938. 
Duster, 1301. 

DweUing-hoQses, ventilation and wanning of, 
3037. 

TehtilaUon of; 3044. 

Dyke, 1301, 2767. 
Dynamite, 682, 1301. 
Dynamometer, 1301. 

brake, 616, 627. 

— — car, 1306. 
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lARLFS steam-pomp, 1940. 
Earth pressure, 8736. 
Earthwork, 1364. 
Eccentric, 1364. 
Efflux chamber, 1364. 
Ekman'ii reheating ftiniaoe, 3131. 
Elasticity, modnli of, 3381. 

ofbodie8,3377. 

Electric telegraph, 1367. 
Electro-chronoscope, Anstmther'a, 1771. 

magnet; 1367. 

metallurgy, 1367. 

Electrometer, 1383. 
Electrotype, 1383. 
Elrctrotyping. 138Z 
Elevator, 1383, 3331. 

autodynamtc, 1938. 

Elevators, hol^ts, and lifts, 3331. 

Ellpsogrsph, 2427. 

Ellipsis, methods of drawing, 687. 

Kllipttcal arches, 684. 

£mbsnkm«^nt, 1383. 3711, 3768. 

Embankments and cuttings, railway, 1383, 3711. 

Kmboflslug, 1403. 

Embrasure, 1634. 

Embroidering marhine, 1403. 

Emerson's dynamometer-brake, 637. 

Emery, 1403. 

Enceinte, 1534. 

Endless chain pQe-drivsr. 3636. 

screw and pinion, 1637. 

Engine, agricultural, 33. 
~— air-compressing, 530. 

Allen, 1408. 

American pnmping, 1417, 1419. 

beam, 2910. 

Chaplin's hoisting, 1435. 

compound, 2903. 

Oorliss. 1403. 

Cornish, 1085, 3913. 

do'ible>tnink rcnw, 3843. 

Fletcher and Oo.'s winding, 1424. 

horixontal, 3913, 2916. 

Lee and Co.'s steam flre^ 1954. 

marine, 3354. 

Maaeline's steam fire. 1965. 

Merry weather's steam fire, 1439. 1955. 

Ommanney *o<l Co.'s hortiontal pumping 

1431. 

oscillating, 1433. 

portable, 11. 3X 

retnm-acting trunk screw, 3843. 

return connecting-rod screw, 3846. 

»— screw, 3841. 

Shand and Mason's steam fire. 1431. 

— — single piston-rod screw, 2845. 

btationaiy, 3898. 

steam-launch screw, 3866. 

the Allen, 1408. 



Engine, vertical. 3913. 

water-pressure, 1973, 1976. 1978. , 

Wiluon's direct-acting. 1416. 

Engines. varlHIes of. 14o;i. 
Engliali brick-clamp. 661. 

brick-kiln, 660. 

Engravers' tools, 1816. 
Entanglements 6. 
fiavelupe, or envelop, 1534. 

machine. 1435. 

Epaulement, 1534. 
Epicydic train. 2451. 
Epiqrdokl, 1622. 

gearing. 1630, 1632. 

^— wheel. 1438. 

Kqulllbrium of foroet, 663. 

Kscapement, 1438. 

Escape-valve, 1445. 

I^splanade. 1534. 

Eoler^s turbine, 1934. 

Evaporating apparatus for sugar, 1445. 

power of fuel, 401. 

Kvaporator pan. 1445. 
Evart's dovetailing machine, 3114. 
Excavation, 1447. 
Exhaust-pipe, 1447. 
Expansion-gear, 1447. 

Joint, 1447. 

of rails, 3593. 3726. 

— woric devek^ed by, 434. 
Explosions. 1447. 
Expiosive"ODrap(rands for blasting, 681, 

1731, 1770rH43. ^ 
Reletting macbine, uJTT — -^— — ____ 
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AIKUR k)c(mu>av^ 3331. 
Falling bodies, 5, 7. 
Fan, 1447. 

blast machines, 376. 

Ontbal's ventiLitinff. 1447. 

Fkrcot's stesm-pump^ 1041. 

Fascines, 10 17. 

Fastener, bdt, 313. 

Faults, 1463. 

Feeders and conduits, 3063. 

Fe«i-pipe. 1463. 

• connection for locomotive engines, 

1463. 

pump, 1464. 

water, purification of, 2003. 

Fencing for roads, 2785. 

railway, 2726. 

Field boiler, 472. 
Fielden's cast link-chain. 336. 
Filbow, or fllbo, 1464. 
File, 1465, 1817. 

cutting machine, 1465. 

Files and rasps, 1817. 
Filter. 1469. 

beds, cleansing of. 3073. 

preparation of the bottom, 3073. 

Filtering galleries, Toulouse water-works, 3074. 

Filten. 3074. 

Filtntion, 3071. 

Fire-arms, 1469. 

Americsn, experiments and reports, 

1469. 
—^ box, 1495. 

bridge, 1496. 

day, 1495. 

retorts, 1554. 

engine. 1496, 1954. 

— — escape, 1497. 

fire-clay, and fire-brick, 1535. 

Fish-plates. 3&90. 

Flange, 1497. 

Flanging machine, 3341. 

Flaok, 1534. 

Flax machinery, 1497. 

FUche, 1534. 

Flemish bond, 479. 

Float water* wheels. 1611. 

Floating dock, Campbell and Oo.'s, 1264. 

Rennie's, 136X 

gate. 364. 

Flood-gate, 356. 
Flooring 1534. 
Floors, 1039. 

ssphalte, 1043. 

oovcrings for, 1041, 

flre>proof, 1041. 

—•framed, 1040. 

Maltese, 104X 

Moreland's. 1524. 

single, 1039. 



Flocr, bolting and dressing machines, 2509. 

mill, 3500. 

Buchhols process. 3492. 

Carr's disintegrating. 2488. 

floating steam, 2499. 

portable. 228. 

Flue, 1526. 

Fluid pressure. 18^8, 2731. 

— • vein, 1889. 

Flume, 1525. 

Fly-wheel, 1525. 

Flying levels, 2698. 

Folding and measuring machine, 1626, 241S. 

Force, 1525. 

centrifugal. 99. 

Forces, equilibrium of, 666. 

Forge, 1525. 

^— Oemian, 3069. 

portable, 1530. 

Forging bolts. 1527. 

keys, 1525. 

machinety for, 1630. 

nnta, 1638. 

Formula for stone bridges, 683. 

tables of, for girders, 866. 

Fortification, 1533. 
Foundations, 1016, 1535. 

concrete, 1017. 

ooflfer-dams, 1021. 

- — fucineii 10I7. 

hollow cylinden. 1019. 

tai water, 1020, 1021. 

— ^ loose stones, 1020. 

^— — - regular masoniy, 1031. 

piling. 1018. 

Foundfaig and casting, 939, 1536. 
Foundiy, 1569. 

hoists, 3349. 

Fowler's pln-maUng machine 364& 
Fractious of safety, 3406. 
Fret sawing machine, 3093. 
Frick's metal, 1669. 
FricUon, 1331. 1349, 1569. 

brake, Prony*a» 616. 

during a shock, 1678. 

In grease-box, 1331. 

looomoUves. 1331, 1349. 

oU-boK, 1331. 

trains, 1331. 

influence of unguents, 1678. 

Influence of vibrations, WIS, 

of brass upon oak, 1574. 

cast iron on oast iron, 1576, 1680. 

elm upon oak, 1573. 

Journals, 1331, 1581, 1686. 

leather upon cast iron, 1574. 

— — limestone upon llmestiine, 1573| 1677. 

oak upon oak, 1573, 1576. 

plane surfMes, 15S3. 

Frictional gearing, 1692. 

Frith's coal-cutting machine, 962. 

Front, fortification, U34. 

Fuel, 399, 1593. 

— » analysis of, 1595. 

—^ evaporating power of, 401. 

hfst sui^Ucd by, 399. 

increase of tempepAnre by expenditure ot, 

401. 
FuUer's earth, 1697. 
Funicular polygon, 669. 
Funnel, 1697. 
Furnace. 33$, 1597, 3046, 3061, 3110. 

aansthal, 1601. 

Ekman's reheating. 3131. 

— — reverberatory, 1697. 

Stetefeldt, 1604. 

Thomas's smelting, 1602. 

Fumsoes or roast ovens, 1597. 

blast, 338, 2046. 

cupola, 2061. 

healing end balling, 2116. 

Fusibility of alloys 47, 49. 
Fusion heat, 397. 
Fuse. 1607. 

making machine, Blckfonl*s, 160T 

Fnaee, 1610. 
Vwn, 676. 

(jABION. 1534, 1610. 
Gad, 1610. 
Galena. 2209. 
Gallery, 1534. 
Galvanic baUery. 366. 

for military porposes, 531. 

currently power of, 641, 544. * 
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(i&lvudsm, 1610. 

Oalvaniied Iron, 1610. 

Galvanometer, 641. 

Gantries, staging, and scaffolds, 2837. 

Garden-wall bond, 479. 

Gaa, 1610. 

exhauster, Qwynne's, 377. 

— flow oC 402, 40S, 406. 
bolder, 1630. 

manufacture of, 1610. 

meter. 1620. 2461. 

dry, 2466. 

wet. 2461. 

puddling furnace, Siemens', 2087. 

velocity through pipes, 406. 

Gases, calorific amacity of, 393. 

utilization of waste, from blast IVirnaccs, 352. 

(Gasometer, 1620. 
Gates. 1620. 
Gauge. 1620. 2701. 

Birmingham wire. 1620. 

Darcy's hydraulic, 19U8. 

rain, 3056. 

steam, 1621. 

Gear, exponnlon, 1447. 
Gearing, 1621. 

beveUed, 1636. 

cams, 1638. 

curves for teetli of wheels, 1621 . 

cycloid, 1621. 

cylindrical, 1631. 

dimensions and form of teeth, 1628. 

of parts, 1627. 

endless screw and pinion, 1637. 

epicycloid. 1622. 1630. 1632, 

frictional 1692. 

hypoQrdoid, 1624. 

— inner, 1633. 

involute, 1626, 1632. 

methods of tracing forms, 1630. 

pitch-circles and lines, 1627. 

rack and pinion, 1633. 

relation of velocity to be obtained, 1627. 

—— various kinds of, 1641. 
Genouillere, 1634. 
Geodesy, 1647. 
German forge, 2069. 

silver, 1668. 

Giffaid's Injector, 2025. 

Oilman's ttemp-brake. 628. 

Gimbals. 1668. 

Gin. 1668. 

Girard's horliontal punp, 1942. 

lifting turbine, 1962. 

turbine, 1926. 

Girdo* bridges, bearing rollers, 787, 789. 

odculatiou of simple latUoe. 797. 

crosB-girdent, 776. 

flooring of, 774. 

horiaontal trussing. 778. 

loads ^mlicable to. 787. 

tables of formulie, 865. 

trussed, strains in, 721. 

vertical trussing, 777. 

weight of parts, 783. 

weight of road, 868. 

Girders, arched, 84X 

bow, 840, 850. 

ooroparison between straight and arched, 850. 

comparison of systems, 868. 

double croflsesk 828. 

foimule giving weight and height, 813. 

formula of weight, 829. 

lataoe, 797, 828, 2209. 

moments of rupture and transveriie strains, 

766. 

mulUple lattice, 828. 

of crosses and vertical rods, 820. 

-— - of croaseB or double lattice, 819, 821. 

rivetings and bolts, 773. 

simple lattice. 797. 

^— tables and formulas, 866. 

tables of weights, 826, 833. 

Gland, 1668. 

Glasgow Water-works aqueduct, 113. 

Gloss, analysis of. 1688. 

bottle, 1683. 

coloured, 1687. 

— — colourless, 1618. 
— — furnace, 1669. 

— machinery, 1669. 

manafiicture of, for optical purposes, 1684. 

manufacture of plate, 1G69. 

manufacture of sheet, 1672. 

— painting on, 1687 
soluble, 1677. 



Glaring, 1064. 
Gold, 1689. 

alloys of, 1695. 

analj'sis and assaying, 1696. 

and silver, 1695. 

metaUure^ of. 1694. 

Goldsmiths' and doitists* rolls, 1810, 
Goniometer. 1697. 
Goodnow's brake. 696. 
Gordon printing press, 2661. 

press, by Garwood, 2664. 

Goreham's kiln for burning cement, 2178. 

Gorae-crushers, or onttem, 229. 

Gothic roofs, 2790. 

Gouge. 1699. 1819. 

Governor, Clayton and Sbuttleworth's, 1699. 

•— - Farcot's marine engine, 1702. 

MiUerand Knill's. 1701. 

Roby and Richardson's, 1699. 

Silver's, 1701. 

steam-engine, 101, 1699. 

Gradients and curves, railway, 2701. 

and tractive resbtonoe of roods, 2776. 

Grain-drying kiln, 2193. 

elevators, 2251. 

Graphic diagram. 17oaL 

tracing. 406. 416. 

Graphical determination of tensions. 6G9. 
Grate, 1704. 
Grates, 3046. 

Jolys, 3046. 

Graving dock, 1704. 
Gravity, 1704. 
^— action of. 6. 
Greaves' cast-iron sleepers, 2587. 
Grindstone, 1717. 
Grist-miU, 1718. 
Oroimd-auger, 1718. 
Grove's battery, 636, 639. 
Gudgeon. 1718. 
Gu6rin's brske, 608. 
Guibol's ventilating fan. 1447. 
Oun-corrisge. 1718. 

Captain Scott's naval. 1718. 

Moncrieff sjTstem, 1720. 

cotton. 1721, 1783. 

machinery, rifled, 1789. 

metal, 1721. 

Gunner's quadrant^ 2771. 
Guimery, 1722. 
Gunpowder, 1777. 

manufacture of, 1780. 

Schwartz's bhuting, 682. 

Guns, American, 172. 

power of, 171. 

range ofi 170. 

resisrsnoe of, to bursting, 161. 

Sterro-metal for lining, 177. 

Gwjrnne's centrifugal pump, 1949, 1958. 
gas-exhauster and oir-biower, 377. 



Gyration. 1794. 
centre of, 103. 
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ACKLE. or heckle, 1796. 
Hadfield's machines for making casks, 2917. 
Half-breadth plan, ship-building, 380. 
Half-moon, fortification, 1634. 
Hammer, 1796, 1810. 
Hand-frame for tin ores, 2532. 

gear, 1796. 

pump, 1796. 

sow, 1796, 1813. 

tools, 1796. 

Handley's brake, 695. 

Hanger, 1836. 

Hanson's flanging machine^ 2341. 

Harbour, 1B38. 

Harbours, oonstmctlon of, 1838. 

Hardness of alloys, 48. 

of water, asoertainln^ 3064. 

Hare's battery. 268. 

Harper's safety-cage, 897. 

Harrison Gambo's candle machine, 929. 

Haulage of coal, eixlless-rope system, 1863, 1877. 

tail-rope qystem, 1848, 1873. 

Haunch, 1879. 

Hawsers snd diain-cables, 60. 

Haymaking machine, 17. 

Hay ward Tyler'a bottling machine, 682. 

universal mining pump, 2683. 

Header. 479. 

Heart-bond, 481. 

Heat, ooefflcierit of spedflc. 393. 

developed fh>m coal, 446. 

ftision, 397. 



Heat, latent, 397. 

— — of steam. 398. 

quantities supplied by fael. 399, 4.^ 

— — relation of temperature of bodm lu, 391. 

sources of, 399. 

qpeclfic. 392. 

unity of; 39X 

Heated air, motion of, in vertical tubes, 94 1. 

Heating and balling furnace, 2116. 

Hedley's mining conipaas, 1015. 

Hellooidal float water-wheel, 1917. 

HeliosUt, 1879. 

Helix, 1880. 

Hemp-broke. Gtlmon's, 628. 

ropes, 2821. 

Henry and Peyrolles' pomp, 1944. 

Hinges, various kinds of, 1881. 

Hinging, 1880. 

Hip-rafter, 96. 

Hocking's snbatitnte for stand-pipe, 1979. 

Hoe. 1886. 

HofTman's kiln, 2180. 

Huisting engine, Chaplin's, 1426. 

Hoists, foundry, 2249. 

lifts and elevators, 1886, 2221. 

HuUsnd, sand dams in, 1126. 
Hop elevator, 1886. 
Horizontal axis tarbine, 1930. 

engine, 2912, 2916. 

pump, Ginazd's, 1942. 

water-pressure engine, 1978. 

Homwork, fortiflcotioo, 1634. 
Horse gnr, 12. 

power, H.P., 1885. 

or horse-engine, 1885. 

— — rakes, 19. 

Hospitals, ventilation and worming. 3026. 

Hot blast, 346, 2064. 

stoves, 1886. 

Hotching tub for lead ores, 2638, 2641. 
Howe truss, 673. 

improved, 676. 

Howitaer. 1885. 

Hub, 1886. 

Huddort's rope-moklng machinery, 2827. 

Hydrant. 1886. 1994. 1995. 

HydnuUc cement, 935. 

cool-catting machine. 968. 

crones, 1966. 

crow, 1117. 

gauges Darcy's. 1906. 

Uft, Dovls'. 1963. 

Ufting Jack, Tangye's, 2169. 

machine tools. 2346. 

machinery, pumps for. 2691. 

machines. vorietMS of; 1912. 

motors, 1912. 

press, portable, 1994. 

propeller. Durosol's, 1938. 

roms, 1971, 1973. 

— ~ riveting machine, 2347. 

sbearii^ msdiine, 2362. 

swing bridge over the Guse, 791. 

•^— tube ezponder. 2362. 

weighing mochine, 1982. 

Hydraulics, 1886. 
Hydrometer. 1996. 
Hydrostatic press. 1983. 

wheel press. 2346. 

Hygrometer, 1996. 
Hypocycloid curve, 1624. 
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CE-MAKINO machine, 1996. 

Qarr6'^ 1998. 

Kirk's, 1999. 

MignoCs, 2001. 

Reece's, 2000. 
Impoctt 2002. 
Impetus, 2002. 
impounding re se rvoirs, 3068. 
Inclined plane, 2002. 
Incrustation of bullen, 2002. 
Indlo-mbber, 929, 2004. 

agglomeration of, 9006b 

balls, 2009, 2013. 

cement, 2010. 

bard, 3014. 

large sheeta for fabrics, 2010. 

machine belts. 2014. 

oUs for lubricating, 2010. 

pastes and solutions of. 20U9. 

threads of, 3006. 

tubing. 2010. 
Indian brick-kiln, 660. 
damp-bricks, 662. 
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Indicator, 2015. 

diagrams, 2020. 

Inertia, 2024. 
Ineram's brake, 608. 
IiO^tor, 2025. 

Uiffard't. 2025. 

aelf-acUiuUng. 2028. 

Inner gearing. 1633. 
Insulator, 202ri. 
Insolatori, 2990. 
Involute curve. 1626. 

gearing. 1632. 

Iron, 2026. 

alloja of, 2038. 

beaoiB, strength of rolled, 2406. 

blast funuces for. 338. 2046. 

boiling and puddling pig, 2077. 

bridge at Solferinn. 739. 

building, different systems, 766. 
bridges, 680, 73», 748, 765. 
cast. 2041. 

charcoal finery, or Lancashire bearlb, 
2074. 
-— — — Franche-Gomt6 process, 2076. 

refining, 2071. 

theory of refining, 2074. 

•— Walloon prooe^ 2076. 

chemical knowledge of, 2029. 

'-^ oormgated, 2410. 

— cupola furnaces for, 2061. 

deposited galvanically, 2033. 

Elcman's reheating furnace. 2121. 

ferric or maximum compounds of, 2031. 

ferrous compounds, 2029. 

fluxes for, 2045. 

galvanised, 1610. 

hammers and squeesenn, 2099. 

~-^ beating or balling furnace, 2116. 

hot blast, 2u54. 

machine puddling, 2091. 

maiiuikctnre, 2041. 

ores, 2033. 

— ^ puddling rolls, 2103. 

reversing rolUng*miIls, 2109. 

roasting, 2042. 

roofs. 1U36, 2795, 2800. 

ship-building. 2123. 

— ^ angle-Iron frames, 2133L 

beams, 2134. 2137. 

bullcheads 2136. 

floor-plates. 2134. 

framing of hatches, 2137. 

keels. 21S1. 

keelsoni, 2136. 

outside plating, 2137. 

rudder-bands, 2133. 

rudder fkaroes, 2132. 

rudder-stops, 2133. 

sheerstrakfv, 2137. 

stems, 2132. 

stem-post and stem-rails, 2133. 

stringers, 2135. 

wash-plates, 2135. 

nnlversal rolling-mill, 2108. 

wrought, 2U66. 

Irregular itbaping machine, wood, 3109. 
Irrigation, 2139. 

canals of permanent supply, 2140. 

drainage works, aqueducts, inlcto, and 

super-pasMges, 2147. 

falls, rapids, and locks, 2143. 

headworks, dams, and regulators, 2146. 

measurement o( supply, 2161. 

Isomorphism, 215&. 



J ACK, 2169. 

screw. 1835,2160. 

Tangye's hydraulic. 2159. 

Jacket, steam, 1195, 2160. 

Jenny, 2160. 

Jetty. 2160. 

JeweUera* mill, 1810. 

Jigging copper ores, 2636. 

Jobson's moulds for casUng melala, 1540. 

Jiiggle. 2160. 

Joint, abutting. 5. 2763. 

ball-and-flocket. 217. 

breaking. 479, 640. 

expansion, 1447. 

Up, 2763. 

Joints, 2160. 

in metel. 2160. 9170. 

in wood, 2160. 

riveted. 2170, 2763. 

Joiata, 2176. 



Joists, bay of, 292. 

binding. 337. 

boarding. 380. 

Jonval's turbine, 1929. 
Journal, 2170. 

box, 2170. 

Journals, friction of. 1331, 1581, 1585. 
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IVEARNEY'S hydrant, 1995. 
Keels and coal shipping, 2170. 
Key. 2178. 
Keys, compressed oak for permanent way, 25t^9. 

forging, 1625. 

Iron taper, 2590. 

Kihi. 2178. 

Batchdar'a, 2187. 

— Crossley's annealing, 2188. 

for burning cement. Goreham's, 2178. 

for drying grain, 2193. 

Hoinnan's, 2160. 

malt, 2189. 

Muller's, 2185. 

King-post, 2194. 

Kirkless Hall blowing engine. 375. 

Kirk's ice-making machine. 1999. 

Kitchens, ventilaiion of, 3043. 

Knab or Feraol«t coke-oven, 2557. 

Knife-edge, 2194. 

Knifing macliine, 1835. 

Knitting machine, 2194. 

Knives, drawing. 1821. 

Krauas and Go.% repression brake, 614. 

Kraisverband bond, 480. 

Kyanliing. 2205. 



ABURTHE'S compresaed-air pumps, 1946. 
Laggings, 479. 
Lamp, sai^ty. 2207. 
I^Amoa, lighthouse, 2275. 
Lanosee's steam-brake. 613. 
Lanterns, construction of lighthotiae, 2269. 
Lap, 2209. 

Joint, 2763. 

Utent heat, 397. 

of steam, 398. 

Lath and plaster. 1049. 
Lathe, 2209, 2322. 

automatic wood-taming, 3115. 

azl«, 2342. 

Lathes, hand and foot, 1796. 
lattice girder, 797, 828, 2209. 
Launder, 2209. 
Lead, 2209. 

action of, on animal system, 2221. 

alloTs of, 2214. 

— oomblnattons with diatomic metalloids, 221 1 . 
distinctiTe diaractens salts ot, 2214. 

haloid compounds, 2210. 

—• manufacture, 2216. 

ore dressing, 2637. 

—^ dressing, bnddle, 2539. 

•-—' — - dreraing, crushing mill, 2539. 

dreBEing, liotchiug tub. 253«, 2541. 

smoke, 2221. 

— theory of smelttng, 2218. 
Ijeblanc's hydraulic ram, 1973. 

Lee and Oo.'s steam flire-engiue. 1954. 

l^ee's brake, 594. 

Leffel's doubla turbine, 3020. 

Lemielle's ventilator, 1449. 

Lens, achromatic 8. 

Letestn's pump. 1943. 

Level Burel's reflectind^ 100T. 

Levelling, 2221, 2966. 

and surveying. 2953. 

boning. 2971. 
chaining base llnet, 2954. 
contours and hill shadmg. 2971. 
oorrectioD for cnrvatiuv, 2969. 
correction for refraction, 2970. 
enlarging and reducing plans, 2966. . 

field-book. 2960. 

— lajring off perpendicnlara. 2954. 

measurement of hills, 2959. 

obstractions in base line^ 2955. 

plan drawing, 2964. 

planning a s«irv«y, 2963. 

ptotting, 2964. 

plotting Mction. 2973. 

redaction of l^^vels. 2968. 

»^ surveying chalna, 2954. 

traverse surveying. 2902. 

instmments, 29ko. 

dlaphrsgms, 2982. 



fiever, 2221. 

Lift, Davis' hydraulic 196a 

MfUng turbine, Uiiard'M, 1952. 

Ufts, hoists, and elevaton>. 2221. 

Light, catadtoptric 2265. 

Ugbtbouse, clockwork apparatus, 2277. 

construction of lanterns, 2269. 

hunps, 2275. 

Maplin Sand. 2262. 

Wolf, 2255. 

(iighta, buoys, and beacons, 2256. 
Lime burning, 2280. 

concretes, 2284. 

slaking aiid forming mortar, 2282. 

Limes, mortArs, and cementsi, 2279. 
Linseed crushers, 229. 
Liquid-manure distributor, 12. 
Look-chamber, 2:i08. 
—^ gates, iron, 2298. 

materialM employed, 2293. 

— — mixeil or composite, 2298. 

opening and closing, 2293. 

wooden. 2294, 2302. 

wrougbt-lron. 2305. 

Locks and lock-gates, 2292. 

canal, 2307. 

Locomotive, 2308.. 

boiler, 389. 

eight coupled wheels, 2315. 

four coupled wheels, 2316. 

four-blinder, 2319. 

f^amo slotting machine, 2341. 

names of parts, 2308. 

six oaapled wheels, 2315. 

— ^ tender, names of parts, 2313. 

the Fairtie. 2321. 

with uncoupled wheels, 2319. 

Locomotives, fectl-pipe oonxiection for, 1463. 

adhesion of, 134 1 . 

consumption of water, 1346. 

^-~ dimensions uf, 1351. 
— — effective work of, 1350. 

foraiubB for power of, 1344. 

tank, for sharp curves, 1421. 

value of work of, 1341. 

Long's bridge truss, 672. 

Loom, 2160, 2321. 

Low's rock-boring machinery. 515. 

Lubricatfaig oils for machinery, 2010. 

Lug, 2322. 

Lumber saw-mlUs, 3091. 

Lunette, 1534. 
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ACADAM. or metalling for roads. 2782. 
Macdonnel's wrought-iron sleepers, 2589. 
Machine, 2322. 

belts, 2014. 

tools, axle-lathe, 2342. 

bolt-threading niaditne, 2342. 

compotmd planing machine, 2345. 

curvilinear slotting machine. 2335. 

drilling and buring machines, 2325. 

— flanging machine 2341. 

hydraulic 2345. 

— - ~— hydrostatic whed press, 2346. 

lathes, 2322. 

— — — — • locomotive - frame slotting machine, 
2341. 

-~— machine for boring axle-betirlngs, 2345. 

milling machines, 2340. 

multiple drilling machines, 2344. 

planing machines, 2329. 

screwing machine, 2338. 

shaping machines, 2333. 

wheel-boring machine, 2344. 

wheel-cutting machine, 2337. 

wheel-quartering machine, 2343. 

Magistral, 1534. 

M'ignetism, 574. 

Magnets, permanent, for explosion of mines, 572. 

Main-deck line, ship-building, 384. 

Malt-kiln, 2189. 

Mandrel. 2352. 

Mangunoae, 235X 

ores of, 2354. 

Manometer, 1191. 

oondeniMKlHdr, 414. 

Mansard roof, 2354. 
Mansions, ventilation of, 3042. 
Maplin Sand lighthouse, 2262. 
Marine boiler, 389. 

etigine, 2355. 

boilers, 389, 451, 2853. 

oond«*nsen!i, 2853. 

Marinoni and Gh«udr6's lithographic prcse, 2666. 
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Harinoni's printing presB, 2668. 

Maiiotte'8 law. 426. 

Masonry. 1022. 2373, 2T18. 

— — arraDgem«Qt of oouraefi, 2376. 

uhlar, 2373. 

backed with rabble, 2375. 

in copings, 2376. 
oouraed rubble, 2376. 

nibble facing. 2376. 

large rough stone blocka, 2376. 

rubble backing, 2377. 

~— stone pitching. 2377. 

tbtckness ol courbea, 2376. 

Matching nuu:hine. 3096. 

Materials of conBtruction. buckled plates, 2409. 

diain cables, 2387. 

claaaificatlon of plllan», 2384. 

classification of strains, '2382. 

ooefficientB of crushing stuength, 2383. 

■ coeffldentB of tearing strength, 2387. 

■ cohesion, 2377. 

■ compreaeive strength of. 2382. 
continuoua beams, 2396. 
corrugated iron, 2410. 
deflection of beams, 2397. 
elasticity, 2377. 
experiments with corrugated iron. 

2411. 
flitch beams, 2408. 
fractions of safety. 2406. 
moduli of elasticity. 2381. 
moduli of rupture, 2393. 
railway axles, 2402. 
rolled iron beams, 2406. 
shearing btrain, 2399. 

• strain of torsion, 2400. 

• strength and weight of buckled plates, 

2410. 
> strength of, 2377. 

strength of rolled Iron beams, 2409. 

tensile strength of, 2386. 

transverse strains, 2388. 

working load, 2406. 
>— ' resistance of, 601. 
Mather and Piatt's borhig machine. 526. 
Mazeline's steam fire-engine, 1955. 
McCallan's battery, 639. 
McCallum's inflexible arched truss. 677. 
M*Connell's brake, 598. 607. 
Measuring and foldbig machine^ 1525, 2415. 
Mechanical movements, 2421. 

cams 903, 1638, 2424. 

— -> clutch-boxes, 2422. 

circular into rectilinear motion, and 

vice vend, 2424. 
crank motions, 2423. 

eccentrics, 2423. 

• q)icyclic train. 2451. 
gasometers, 2449. 
governors, 101, 1699, 2 128. 
mungle-wheels and racks, 2431. 

micrometer screw. 2424. 

paddle-wheels, 2450. 

pamllrl motions, 2438. 

preasure-ganges and barometers, 2451. 

pulleys, 2422. 

pumps, 2447. 

rotary engines, 2445. 

screw-clamps, 2431. 

8crew-propeJlen», 2450. 

steam-iraps, 2449. 

steering apparatus, 2150. 

valve-link-motion, and reversing gears, 

2429. 

variable motions, 2432. 

water-wheels, 2446. 

windmills. 2460. 

puwnr of steam, 423. 

powers, 2462. 

Mercury, 2463. 

Merry weather's steam fire-engine, 1429, 1955. 

Metal-turning tools, 1817. 

Metallic alloys, 46. 

component elements, 49. 

Metalling and pitching, railway, 272S. 

or macadam for roads, 2782. 

Metalloids. 2457. 2458. 

MeUllurgy, 2467. 

Metals, '2458. 

affinity for chlorine, 2459. 

for oxygen. 2459. 
■ carburets, 2460. 

• chemical symbols of, 194. 
classification of, 2457. 

- hydratal oxides, 2450. 

• sulphurctdi 2460. 



Meter, 2461. 

Meters, dry. gasi, 2466. 

water, 2467. 

wet, gas, 2461. 

Metric syttteni. 2468. 
Micrometer screw, 2424. 
Midship section. 381. 
Mignot^s ice-miUclDg machine. 2001. 
Mill, 2476. 

bone<rashing, 12, 482. 

Carr*8 dbiut^atlng flour, 2488. 

English flour, 2501. 

floating steam com, 2499. 

Jewellers', 1810. 

mortar, 2287. 

>— oU machinery, 248Z 

portable com, 228. 

semolina, 2495. 

wind, various, 2460, 2476. 

Milling machines, 2340. 

Mills, lumber. 3087. 

Millstones, plan of hanging, 2501, 2506. 

Minerals, boring for, 408. 

Mines, ventilation of, 1447. 

Mining dial. Hedlcy's, 1015. 

pumps, 2681. 

Andre's, 2677, 2686. 

Cornish, 2681. 

Tyler's universal, 2683. 

— Tangye's Sftecial, 2683. 

Moduli of elasticity, 2381. 

of rupture, 2393. 

Molecule, 2513. 

Moment balance, 214. 

~- of pressure, retaining walls, 2738. 

vlriual, 3062. 

Moments of rapture and transverse strains, 

girders, 766. 
Momentum, 7, 2516. 
MoncrielT gun-carriage, 1720. 
Monkeys, or rams, for driving piles^ 2619* 
Montgolfler ram, 35. 
Moreland's floor, 1524. 
Morels calender, 900. 

water-mangle, 902. 

Mortar, 939, 1023, 2279. 

brown, 939. 

hydraulic, 939. 

lime, 939. 

mill, 2287. 

mixing, 2287. 

Mortars, limes, ami cements, 3279. 
Mortise, 2516. 
Mortising machinery, 3099. 
Motion, accelerated, 6. . 

and velocity of water upon wheels, 2559. 

conversion of circular into rectilinear, 2424. 

of heated air in vertical tubes, 941* 

—— of water in canals, 907. 

parallel. 2438, 2683. 

retarded, 5. 

Motte's bellows pump, 1945. 
Moulding, 2516. 

and matching machine, 3097. 

bricks, 659. 

toothed wheels, apparatus for, 1558. 

Muffle, 2516. 

Muley mills, 3087. 

Muller's kiln, 2185. 

Multiple drilling machines, 2344. 

Muncke's battery, 268. 

Martha's brick-muking machinery . 651. 

NaPIER'S rods, 1. 

Nasmyth's bteam pile-driver, 2631. 

ventilating fan, 1449. 

Natural filter^ 3074. 
Nessler test, for water, 3053. 
Nentrid axis, 2516. 
Nickel, 2516. 

characteristics of the salts of, 2516. 

Nlllus' pump, 1943. 

Nippers, pliers, and pincers, 1829. ' 

Nl tro-glyoerine, 581. 

Nogging. brick, 665. 

Koria, 2516. 

Norton's tube well, 159. 

Nuts, forging, 1528. 

and bolts, 2517. 

and boll-heads, hexagon, dimensions of, 

2517. 
and bolt-heads, weight of, 2517. 

V / ATICS' brick-mnking niadiincry» 642. 
Oblique arch, 2517. 



ObUqiie arcb, angle oToUiqaltj. 25IT. 

calcalation of curves, 3622. 

devdc^ment of the curve of obUqoe 
sectkm, 2618. 

distance of obliquity, 36IT. 

example of, 2626. 

impostS) 2525. 

projection of spiral line vpoo a cjliii- 
drical Borlace, 2519. 

prqjectton of spiral surface, 2S19. 

to find tiie obllqae eecdon, 2&1&. 

twisting rales, 2523. 

voaaeoirs, 2523. 
ObUque bridges, 727, 2517. 
heUcoldai arrangement, 72T. 

orthogonal arrangement, 732. 

parallel arcbea in erhfUnn, 734. 

timber, 73*. 
Oil-cake crashenTor breaken^ 329w 

— mill machinery, 2482. 
Oils fbr lubricating, 2010. 
Old English bond, 479. 

Omnimeter for measuring dislancfn, 1210. 
Optical instruments, 2627. 
Ore-washing machine, Gollom's, 2S4ft. 
Ores, machloay and processes emplojed to drer% 
2527. 

aluminiom, SO. 

antimony, 110. 

—' arsenic, 144. 
— — bismuth, 337. 

copper, 1069. 

gold, 1689. 

iron. 2033. 

lead, 2209. 

— manganese, 2354. 
_ mercury, 2463. 

sUver, 2874. 

tin, 3012. 

sine, 3116. 

Oscillating engine, 142S. 

OsdUation. centre at, 255X 

Oven, breexe, 640. 

Oven^ coke. 2663. 

Overfall, 261. 

Ovenhot water-wheel, 2567, 2563. 

form of buckets^ 2663^ 

Oxidation of alloys^ 47. 
Ox-yoke, 16. 



Jl ACKING for pistons, 1181. 
— — tin ores, 2529. 
Paddle-wheel, 2451, 2666. 
Paint, anti-oorroeive, 1063, 1093^. 
Painting old work, 1063. 

plaster, 1053. 

woodwork, 1051. 

Paisley water-works, 3078. 
Palisad^ fortification, 1634. 
Pantofpaph, 2434. 
Paper banging, 1066. 
machineiy, 2566. 

dusting machine, 2568. 

evaporator. Sinclair's, 2581. 
4 Houghton's process 2579. 
- pulp-boiler, 2579. 

rag-boUer, Daridn and Gb.'8, 2569. 

rag-pulper, Cowper's, 2573. 

rag-pulper. Easton and Co.'s, 2571. 

rsg-pu^wr, Stuart's, 2571. 

strainer, Ibotson's, 2574. 3577. 

Voelter's process, 2580. 

wsshing (oigtnea, 2570. 

making ma<£lne, 2574. 

Papin's saucepan, 420. 
Parabolic trass, Boebling's, 702. 
Parados, fortification, 1534. 
Parallel arches in ecbelloa, 734. 

motions, 2438, 2583. 

planing machines, wood, 3096. 

ralers, 2438. 

Parapet, fortification, 1534. 
ParisVs brick-drying apparatns, 661. 
Parsons and fiaynes' switch, 2601. 
Pattlrison's process for silver ores, 2894. 
Pavementa^ 1043. 
Pavement, tar, 1043. 
Paving, boulder, 684. 

for roads, 2782. 

Pawl, 2583. 
Pen, bow, 684. 
Pendulum, 2583. 
Penetration of proiectilefl, 998. 
Percussion table, Rittlnger's, 2560. 
; Permanent magnets, application of, to niln'it 5(3. 
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Permanent waj, 3503. 

Adams' bracket ftiilening, 259X 

bearing anrliue of deepen. 258T. 

• caat-iruQ sleepera» 268t. 

— ^ cbaire, keya. and fiutenings, 2589. 

oompreeerd oak kej«, 26o9. 

continental, 3609. 

croaeiDipi. 360S, 2606. 

detaib of. 2610. 

English. 2608. 

flth-plates, 2690. 
ttrilMu'* By«tem. 2612. 

in the United SUtea, 26nT. 
- jolnt-chaint, Fuwlcr'a, 2591. 
-Joint for bridge ndls. 2692. 

Irish. 2609. 

iron taper keys. 2590. 

Lannei^Jat syittem, 2611. 

laying, 2725. 

light railwayt, 26 1 2. 

Metropolitan District, 2609. 

MoTth London. 2608. 

original type. 2584. 

pointa, Klf-locklnft 2601, 2866. 

raila. 2593. 

nils, Adama* girder. 2594. 

nila, Adams' suspended girder. 2595. 
nila, Barlow's. 2693. 

nils, Bessemer steel, 2598. 

rails. Booth's steel-headed, 2598. 

nils, bridgp-shaped, 2594. 

rails, earliest form 6f. 2593. 

rails, employed in difTerent coontriei, 

2597. 

Tails, expansion of. 2593, 2726. 

rails, Sandberg's. 2596, 2597. 

rails, stevl. 2597. 

rails, testing. 2597. 

rails with riveted Joints, 2593. 

rigid. 2585. 

Semmering Railway, 2609. 

—^ slecpen, 2 j86. 

switches, points, and crossingp^ 2600, 
2603. 

WTonght-iron sleepers, 25S9. 

Pemolei or KnaS oolc«H>veii, 2557. 

Perreaux's pomp, 1945, 2689. 

Persian wheel, 2615. 

Pet cook. 2615. 

Pfetsh's water-prefsore cnglDe, 1978L 

Pick. 2616. 

Picker, 2616. 

Piers, 697, 2616. 

Pile-driver, 2616. 

Pile-driving marhlnea, 2^. 

Appleby Bi others', 2635. 

MasmyUi's steam, 2631. 

Si8.sun and White's steam, 2629. 

—^ endless.chain, 2636. 

telescopic, 2639. 

inies and pile-driving, 26ie. 

bearing and shMt, 2617. 

calculation of supporting power, 2626. 

cast-iron, 2624. 

disc, 2642. 

drawing and catting olT. 2623. 

duration of iron, 2625. 

excavating for, 2617. 

force expended in driving, 2628. 

heading and shoeing. 2618. 

rams or monkeys for driving, 2619. 

screw, 2641. 

' supporting power of, 2626. 

timber, 2617. 

driving, 2621. 

with cust-lion sCTPW-potaits. 2618. 

Towle's apparatos for driving sheet, 2622. 

Piling. 1018. 

Pillars, cla»0lflcaUon < 2384. 

Piiluw, 2644. 

block. 2644. 

Pinoprs, plien, and nippen, 1829. 
innion, 2614. 

Pin-making machine, 2646. 
Pipe, exhanst, 1173. 

feed, 1463. 

Pipe^ 2650. 

cast-iron. 2650. 

calcnlation of weight, 2661. 

' — diameter of mains and service pipes, 2653. 
—^ for pomps, 2674. 

IHctiou in. 2652. 

— — iron, proportions of Joints, 2654. 

Uying, 2657. 

lead, 2655. 

coated with tin. 2666. 



Pipes, leakage at Joints, water, 2664. 

stone-ware and flre-dsj, 2666. 

water-works, 3066. 

wrought-iron, 2666. 

Piston. 2657. 

rod, 2657. 

rods of pumps. 2674. 

Pistons of pomps, 2674. 

packing for, ii8l. 

Pitch circles. 1627. 

lines. 1627. 

of roofs, 2787. 

of wheels and screws, 2657. 

Pitching and metalling, railway. 2726. 

stone, 2377, 278i. 

Plan, body, ship-building, 380. 

half breadth, shlp-buildlng. 380. 

sheer, ship-building, 380. 

Plan^ improved Joinen', 1806. 

Planes, 1820. 

PLinimeter, 2657. 

Planing machme, 2329, 2659. 

■ compound for cuntiecting rods, 2346. 

and matching machine, 3b96. 

machinery, wood, 3095. 

Plaster, lath and, 1049. 

paint on. 1053. 

Plate glass, manulactore of, 1669. 

wheel, 2659. 

Platln, 2669. 

Platinum, 2659 

Piatt and Oo.'s brick-making machinery, 647. 

Pliers pincers, and nippers, 1829. 

Plumbere' tools, 1824. 

Points. 8elf-lockin(^260i. 286& 

switches and crosbings, 2600. 

Polygon, ftinicular, 669. 
' PonoeletXs water-wheel, 2660. 
[ Poppet, 269X 

Portable engines, II. 32. 

forge, 1530 

hydrmolic press, 1991 

railway, 12. 

Portland cement, 931. 

— - concrete, 2280. 

Postern, 1634. 

Preservation of timber, 2205. 
Presa Gimson's eccentric, 497. 

bydnaiic, portable, 1994. 

bydrostatic or BnEoah, 1983. 

printing, 2660. 

Pressure, centre of, 1 120. 

earth, retaining walla, 2736. 

fluid, retaining walla, 1888, 2734. 

— gauge, recording, 2727. 
— - gauges and bannieten. 2451. 

moment of, retaining walla, 2738. 

Prevention of dry-rot, 2205. 
Priming of boilers, 448. 
Primitive circles. i637. 
Prindpie of sufficient reason, 666. 

equality of moments, 667. 

Print^cutters' and carvers' tools. 1825. 
Printing machine, bank-note, 218. 

press, Garwood's improved Gordon, 2665. 

Oordon, 266 1 . 

— — -^ Marinoni and Chaodre's litlM)gmpliic, 
2666. 

Martnoni's, 2668. 

Walter, 2669. 

Prismatic compass. 2976. 

Prisons, ventilation snd warming of, 3046. 

ventilation of, 3044. 

Prcjeutiles, penetration of. 998. 

trajectory and velocity of, 1722. 

Prony's friction dynamometer-brake, 616. 
Propeller, Durosoi's hydraulic, 1938. 
Proportional compasses, 2444. 
Protractor, 2982. 
Prudhomme's pump, 1946. 
Puddling. 2077, 2670. 

furnace, Omens' gas, 2087. 

Pugging, 651. 
Pulley, 2670. 
Pmnping engine^ American, 1417. 

Ommanney and Co 's lioriiontal, 1421. 

Pumps, 1464, 1796, 1937, 2447. 2670. 

air, 2691. 

Bamett and Foster's, 2691. 

—— sir-chambers, 2677. 

Andre's bydnullc, 2677, 2686. 

•— angle or V bobs^ 2676. 

Armandle's balance-beam, 19i6. 

balaiKse-bobs. 2b76. 

bilge, 1940, 2690. 

Burgh's steam, 1426. 



Pomps, OaHgoy's conlosl, withoot piston or valm 
1938. 

Garrett and Go.'s stesm, 1939. 

centrifugal, 1948, 2679. 

Ooignard and Oo.'s, 1961. 

Qwynne and Oo.'s. 1949. i960. 

—- Nent and Dumont's, 1948b 

chain, 1937, 2680. 

Murray's, 26801 

contrscton', 2690. 

Cbmiih, 2681. 

flinders, 2671. 

Earle's steam. 1940. 

eiBdeocy of, 2670. 

Faroot's steam, 194L 

feed, 1464. 2691. 

for draining mines, 2681. 

emptying dodcs, 2690. 

raising parUcular liquids. 2689. 

supplying hydnuUc machinery, 268L 

Burlaoe drainage, 2689. 

water supply, 2689. 

Oirard's horizontal, 194X 

/=:bis,"i%'if'°'«^»*^ 

Hayward Tyler's nnlverwd, 2683. 

Henry and Peyrolles*. 1944. 

Laburthe's compressed-air, 1946. 

Letestu's, 1943. 

Merryweather's India, 1953. 

Motte's bellows, 1945. 

NlUus'. 1943. 

Perreaux's, 1946, 2689. 

pipes, 2677. 

piston-rods, 2675. 

pistons, 2674. 

Prudhomme's, 1946. 

reciprocating. 2671, 2678. 

revolving piston, 1947. 

rotarr, 1947. 

Soott^s stesm, 1939. 

ship's, 1940, 2690. 

Tangye's special, 2683. 

— Gastmise, 1944. 

Thiriott's, 1944. 

unlimited, 1946. 

valves, 2672. 

Puppet, 2692. 

PunlBoation of Itod-water, 2009L 

— of water, 307L ,. 
Patty, 1055. 
F^rniineter, 2692. 

WUADRANT, ganner'a, 2771. ^ 
Quarrying, 2692. 

Qusj walls, OQOstiactioa withoot coffer-damiL 
1840. 
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ACK, 2695. 

and pinion, 1633. 

Rails, 2693. 2695. 

Adams' girder. 2594. -" 

suspended girder. 269S. 

Barlow's, 2693. 

Bessemer steel, 2598. 

bridge-shaped, 2594. 

earliest form of, 2593. 

— - employed in different countrien 2S87* 

expansion of, 2593, 272C. 

Sandberg's, 2596, 2597. 

____ steeL 2597. 

steel-headed. Booth's, 2698. 

testing, 2599. 

with riveted Jobita, 2693. 

Railwsy axles. 2402. 

car mortliBing marhftw, SlOi. 

embankments and cuttinp^ 1S83L 

Railway engineering. 2695. 

ballasting and boxing. 2725. 

borings and solliug slopes, 2717. 

brickwork, 2718. 

. bridges, 2710, 2719. 

calculation of scresge^ 2710. 

— cost of transport over sny giTsn ^* n% 

2706. 
cross-section of Une, 271X 

colvofts, 2710, 2724. 

corves and gradients. 2701. 

coTfes, resistance of, 2704. 

eottlngs and embankments, 27 K. 

drsinage of cattlno. 2714. 

drataisae of embankments, 2715. 

embankments and catlings, 27 IL 

estimate, 2706. 
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Railway engineeil&g, expanalon of railB, 2593, 
272^ 

fencing, 2725. 

gauge. 2701. 

gradients and curves, 2701. 

Ironwork, 27 IS. 

laying permanent way, 2725. 

masoniy, 2718. 

metalling and pitdiing, 2725. 

preliminary survey or recomuissanoe, 

2695. 

reconnaisBance or preliminary survey, 
2695. 

resistance of curves, 2705. 

selection of route, 2699. 

setting out bridge- work, 2710. 

setting out culverta, 2710. 

setting out side widths, 2710. 

setting out tunnels, 2710. 

soiling slopes, and borings, 2717. 

spedflcatlon, 2726. 

staking and setting out the line and 
works, 2706. 

surveying and levelling the line, 2711. 

trial lines by aid of a map, 2698. 

trial lines by compass, 2696. 

trial or flying levels, 2698. 

tunnelling, 2710, 2720. 
portable, 12. 
signals, 2860. 

locking. 2866. 
Rainfall, 3055. 

table of; 3056, 3057. 

Ram, Boise's hydraulic. 1971. 

Leblanc's hydraulic, 1973. 

Montgolfler, 35. 

Rampart, fortification. 1534. 
Rams, hydraulic, 1971. 

or monkeys for driving {dlea, 2619. 

Range-finders, 1772. 
Hanging bond, 481. 
Rasps and files, 1817. 
Ratchet-wheel, 2726. 
Ravelin, fortification, 1534. 
Reaction, 2726. 

wheel, 2726. 

Reamer, 2727. 
Reaping hooks, 1832. 

machine, 16. 

Reay's envelope machine, 1435. 
Reciprocating mortising machine, 3102. 
_ pumps, 2671. 

calculation of efflcienc^, 2678. 

Recording pressure-^auge, 2727. 
Redan, fortification. 1534. 
Redoubt, fortification, 1534. 
Reeoe's loe-maldz^ machine, 2000. 
Refrigerator, 2728. 

Morton and Co.'s, 1056. 

Pontifex and Go.'s, 1057. 

Stirk's. 1058. 

Refrigerators and wort-ooolors, 1055. 

Regulator, water, 3077. 

Reichenbach's water-pressure engine, 1976. 

Remblai. fortification. 1534. 

Rennle's iron floating dock. 1262. 

Resawing, machine for. 3089. 

Reservoir, 2728. 

river Furens, 1132. 

walls, formuUe for the ncUon of, 1146. 

stobUity of, 1144. 

Reservoir% 3058. 

distributing, 3070. 

impounding, 3058. 

— store, 3058. 

Resistance, causes influencing 1331. 

air, 1335. 

condition of permanent way, 1335. 

cnrveSk 1333, 1336, 8705. 

friction, 1331. 

frost. 1333. 

IncUnes. 1332, 1334. 

length of ti»in, 1333. 

speed, 1335. 

temperature, 1332. 

wind, 1336. 
of oorves, 1333. 1336, 2706. 
Roods trains, 1324, 1354. 
looomoUve engines to motion, 1316. 

engines to starting, 1319. 
materials, 691, 1359. 
mixed tndns, experiments, 1369. 
passenger trains, 1326, 1360. 

trains to starting, 132H. 
railway carriiii;es to tractt<in, 1306. 
— — trains in general, 1320. 



RfBlstancs of trains, formulae for calculating, 

1338, 1388. 

to starting. 1328. 

UeUlning walls, 2728. 

buttresses, 2747. 

counterforts, 2746. 

dams and wein, 2743. 

dock, 2743. 

earth pressure, 2736. 

fluid pressure, 2734. 

form of pruflle. 2742. 

harbour, 2743. 

land-Mes, 2748. 

moment of presiiure. 2738. 

yrsctical (usign and constrocUon, 
2742. 

profile, 274X 

profile, trsnsformatlon of, 2740. 

relieving arches, 2747. 

revetments, 2745. 

river, 2743. 
2743. 

shock of current, 2738. 

subiUty of, 2728. 

struts, 2748. 

thickness, 2739. 

thrust of material retahied, 2734. 

transformation of profile. 2740. 

Retarded motion. 5. 

Uelorts, fiie-clsy, process of msklng, 1554. 
Return-acting trunk screw engines. 2843. 
Return oonnecting-rod screw engines, 2846. 
Reverbetatory ftimaoe, 1697. 
Revetment, fortification. 1534. 
Revolver. 1488. 

Alblni'a, 1489. 

Smith and Wesson's, 1491. 

Revolving-pisum pumps, 1947. 

lUieostat. 542. 

Rifle. Albini-Braedlln, 1482. 

Berdan, 1485. 

Burton. 1479. 

Burton's magailni*, 1493. 

Ghassepot, 1483. 

J. H. Burton's, 1486. 

Martini-Henry, 1473, 1484. 

Morgenstem, 1472. 

Peabody. 1482. 

Prussian needle, 1481. 

Remington, 1470, 1484. 

Sbarp'a, 1472. 

Snider, 1487. 

Springfield. 1472. 

Ward-Burton. 1474. 

WesUey Richards'. 1484. 

RIgg's apparatus tat tipping coals, 1857. 
Rivera, 2749. 

ban, 276X 

determination of cross o ccti on, 2752. 

— - dlschaii^ 2753. 

dredging. 2756. 

dykes^ 2757. 

—~-' embankments. 2758. 

improvement of diannel, 2756. 

protection of banks ftom currents, 2759. 

retaining walls. 2743. 

sediment in, 2755. 

sounding, 2751. 

sUbiUty of channel. 2754. 

tides in, 2749. 

training walls, 2761. 

velocity. 2753. 

weirs. 2760. 

Riveted Joint, butt, 6, 2763. 

lap. 2209. 2763. 

lap of Joint, 2767. 

pitch of rivets, 2765. 

strength of, 2763. 

thickness of rivets, 2765. 

Joints. 2170, 2763. 

Riveting machine, hydraulic. 2347. 
Road-roller. Aveling and Oo.'s steam, 1434. 
Roads, 2770. 

fences, 2786. 

^— maintaining and repairing, 2783. 

permanent, 2773. 

asphalted, 27831 

cross-section, 2780. 

drainage. 2780. 

foundation, 2781. 

gradients and tractive resistance, 

2776. 
— metalling or macadam. 2782. 

selection of route, 2773. 

stone paved. 2782, 

durface of. 2782. 



! Roads, rolling, 2785. 

temporary, 2770. 

hill, 2771. 

plank, 2770. 

Roast^ovens or funaoes, 1597. 
Roasting, principles ot, 159^. 

silver ores, 2549. 

Rock-boring madiinery, 515, 1299. 

Rock-shaft, 2786. 

Roebling's system, ardies, 716. 

cables, 713. 

chords, 715. 

diagonals in panels, 718. 

floor-beams, 717. 

geoend deacrlptioo. 703. 

method of rauing the sapen^mctiBr, 
719. 

posts, 716. 

roller-plates, 710. 

saddles, 712. 

statical condition of the structure usder 

variable loads, 709. 

sUys, 713. 

storm-cables. 718. 

— — strains In arches snd caMee, 707. 

supporting power of stays, lOi. 

— — suspenders. 716. 

parubolic truss, 702. 

—^ —^ towers 711. 

Rolled iron beams, strength of, 240C. 

Roller, Aveling and Co.'s steam rosd, 1434. 

Rolling mills. 2108, 2786. 

Hulls, goldsmiths' and dentists'. 1810. 

[toman cement, 933. 

concrete, 2285. 

Roofing, bay of, 292. 
lloob, 1025, 2354, 2786. 

arched. 1027. 

iron, 2800. 

classification ot 2786. 

compound. 2798. 

coverings, 1032. 

for Umber, 2798. 

designing, 2786. 

domes or cupolas, 2792. 

double tnused iron, 2815. 

examples of, 2789. 2790, 2791, 2Y94. 2795. 

2799. 2804, 2809, 2819. 

flat, 1027. 

general principles of wooden, 1025. 

Gothic. 1027, 2790. 

iron, 1U36, 280a 

domes. 2795. 

loads on, 2787. 

metal coverings, copper, 1036L 

covering, Iron, 1035. 

coverings, lead, 1036. 

— ^ coverings, sine, 1036. 

pitch of. 2787. 

scantlings for, 2791. 

timber, 2788. 

trussed, 2789. 

iron, 2810. 

wind pressura on, 2821. 

RootK:utter8, 229. 
Rope-making machine, 2821. 

hemp rope. 2821. 

HuddarTs. 2827. 

Smith's wire, 2834. 

— — wire ropes, 2831. 

porter, 11, 21. 

Ropes, hemp, 2821. 

— wire, 283L 

Uotary engine, 2U5, 2837. 

pumps, 1947. 

Roogn-cart, 1060. 

Rubble masonry, backing. 2377. 

coursed, 2375. 
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AFETT-CAQE^ 897. 
Safety, fractions of, 2406. 
— — lamp, 2207. 

valves, 1186, 2837. 

Sally-port, fortification, 1534. 
Salts of nickel, characteilstiCB of, 2516L 
Sandberg's rails, 2596. 
Saw. bow, 584. 

hand, 1796. 

miUs. 3087, 3089. 

Sawing machinery, 3087. 

Saws. 584, 1796, 1813, 2837. 

Scaffolding. 283T. 

Scaffolds, staging, and gantries, 283T. 

Scantllnfpi for timbrr roofs, 2791. 

Scarp, fortification, 1534. 
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Schlelo's anti-fHctioD enrve. 1586. 
Schools, veotllation and w&rmlng of, 3029. 
Scbwarti'8 blasting gunpowder, 582. 
Scoops, 1834. 

Scott's naval gnn-carriagp, 1718. 
Screw and driver, improved. 1804. 
Screw engines, 2841. 

double-trunk, 3842. 
reiurn-actlng trunk, 2843. 
return oonnecting-rod, 2846. 
single piston-rod. 2845. 
steam-launch, 2855. 

jack. 1835,2859. 

making nutchtne, 2856. 

piles, 2262, 2641. 

propellers, 2450. 

Screwing machine, 233B, 2859. 

Scroll Sdwing machine, 3094. 

Sea wall, 2743, 2859. 

Section, chief vertical longitudinal, 384. 

midship, 381. 

Segmental alrcbes, 688. 
Semicircular arches, 684. 
Semolina mill, 2495. 
Separator, brao, 629. 

silver ores, 2547. 

tin ores, 2530. 

Sewing machine, boot, 495. 

Sextant, 2974. 

Shand fluid Mason's fire-engine, 1431. 

Shaping machinery, wood, 3107. 

machines, 2333. 2860. 

wood, 3109. 

Shearing machine, hydraalic, 2352. 

strain, 2399. 

Shears, 1809. 

guillotine, 1810. 

sheep, 15, 1833. 

Sheer-plan, 380, 382. 

Sheet and bearing piles, 2617. 

glass, manufaciure of, 1672. 

piles, Towle's apparatus Cor driving. 2622. 

Shingles, 1035. 

Shipbuilding, iron. 2123. 

Ships' pumps, 1940, 2690. 

Shoveb, 1834. 

Shutter, boxing of a, 584. 

Sickles, 1832. 

Side width^ setting out, xuUway engineering, 

2710. 
Siemens' furnaces for steel, 2937. 

puddling fomaoe^ 2087. 

Signals, 2860. 

locking, 2866. 

Silbermann^ helioetat, 1879. 
Silicate of soda, 1054. 
Silver, 2871. 
— assay ot 2895. 

Qermsn, 1668. 

Silver-ore dressing. 2875. 

in Colorado, 2546. 

Pattinson's process, 2894. 
Ritttnger's percussion table, 2550. 
roosting, 2549, 2884. 
separator, 2547. 
melting, 2888. 

Von Patera's process, 2887. 

— - washing machine, 2546. 

Ziervogel's process, 2886. 

ores of, 2874. 

raits of, 2874. 

Silver's machine for boring wheel-hubs, 1605. 

Single piston-rod screw engines, 2846. 

Siphon. 1981. 

water-wheels, 1918. 

SlMon and White's pile-driver, 2629. 

Skew bridge^ 700, 790, 2517. 

Skylights, 1046. 

Slates, 1032. 

Sleepers, 2586. 

bearing snrfaoe of. 2587. 

esat-iron. 2587, 25x8. 

wrought-iron, 2589. 

Sleeve, 2898. 

SUp of belts, 299. 

Slutting machine, 2898. 

^— — corvilinear, 2335. 

•— locomotive frame, 2311. 

Smee's battery, 539. 

Smelting furn«rc, Thomas', 1602. 

Smith and Locke's proceiA casting metals, 
1542. 

Smiths' tones 1529. 

SnirUng valve, 36. 

Solders, 49. 
Sule-plate, 294. 



Soluble gkMS, 1677. 
Sources of heat, 399. 
Spades, 1834. 
S|Mllln^ tin ores, 2527. 
Spedlte heat, 392. 

gravity of alluys, 47. 

neat, coefBclents of, 393, 394. 

—— of various suttetonces, 49. 

Spelter, 3116. 

Spiral wheel. 2898. 

Spontaneous rotation, centre of. 1796. 

Springs. 3067. 

water supply, 3057. 

Spur-wheel, 2898. 

Squares and bevels, 1815. 

Squeeier, 2898. 

Staging, scalTuIds, and gantries, 2837. 

Stairs, 1047. 

stone, 1047. 

wgoden, 1048. 

Stamping tin ores, 2527. 
Stand-pipe, substitute for, 1979. 
Stationary boilers, 466. 
——engine, 2898. 

Oomlsh. 2913. 

beam. 2910. 

horisontal. 2912, 2916. 

vertical, 2913. 



Steering apparatus, 2450. 

Stench traps, 1284. 

Step. 2938. 

Sterne's bufBng apparatos, 882. 

Sterro-metal for Uning gnnn 177. 

SletefiBldt ftimaoe. 1604. 

Stilmanf s brake, 588. 

Stirrop, 2938. 

Stocks and dies, 1823. 

Stone, 3838. 

breaking madiine, BlakeTi^ 1544. 

bridges. 683, 699, 739. 

formultt for dimensfcios of, 683. 

skew. 700, 727, 2517. 



Stave-making and cask machinery, 929. 2917. 
Steam, calorific action in formation of, 422. 
—^ condensation of, 421. 

oom-mill, floatlnft ^99. 

definition of, 410. 

density of, 417. 

elastic foroe of; 412. 415. 

engine, 11, 441, 1181, 1429, 1955, 2308, 3841, 

2898, 2921. 

connecting rod, 1194. 

crank-shaft bracket, 1196. 

qrlinder with steam-jacket, 1195. 

eccentric. 1196. 

marine, governor, 1186. 

pacUng for pistons, 118L 

parallel motion, 1197. 

portable, 11. 

safety-valve, 1183. 

straight* Unk valve-motion, 1199. 

the Rocket, 441. 

expansion o( oalcnlation of total work bj. 
425,2904. 

work developed by, 424. 
flre^nglne, Lee and Oo.'s, 1954. 
Maseline's, 1955. 

Menyweather's, 1429. 1955. 

Shand, Mason, and Co.'s. 1431. 

flow <tf, 402. 

flow of, through plpes^ 408. 

foimatlou o( m vacuiun, 411. 

gauge, 1621. 

inflnenoe of temperature oo funnatloo, 

411. 

jacket. 1195, 2160. 

Jet, 441. 

latent beat of, 398. 

launch, screw engines, 2856. 

lubrication of, 1200. 

mechanical power of, 423. 

properties of, 402. 

physical properties of, 410. 

pile-driver, Nasmyth's, 2631. 

Sisson and White'.-, 2629. 

endless chain, 2636. 

the tdesoiiplc, 2639. 

~— power, cultivation by, 20. 

pressure gauge, 1 199. 

principles of the formation of, 41 k 

pump, Buiigh's, 1425. 

relation between elastic force and tempera- 
ture. 413. 

road-roller, Avellng and Co.'s, 1434. 

ships, oonsomption of coal in, 2853. 

superheating of, 449. 

— temperature of, 415. 
traps, 2449. 

velocity of. 403. 

volume of, 417. 

whistle, 1194. 

Steel, 2921. 

Bessemer process, 0923. 

cast, 2934. 

cementation, 2921. 

rails, 2597. 

— Siemens' ftimaces, 2937. 

— - Wbltworth's process for cssting imiler pres- 
sure, 1562. 
Steele's Improved Burr truss, 674. 



conduits, 306L 

dams, 1139. 

pitching, 2377, 278Z 

Storage reservotis, 3058. 
Stove, 2938. 
Stoves, 3047. 

Dr. Amott's, 3047. 

Ouroey's, 3048. 

hot-air, 3048. 

Sylvester's, 3047. 

Strains, dassiflcation of, 2382. 

^— in tnissed girder bridge 900 ft span, 721. 

-I — of torsion, 2400. 

shearing, 2399. 

transverse, 2388. 

Straps, 2938. 

Straw-chopperB, 229. 

Strength and weight of buckled plates, 2410. 

ooeflScients of crushing, 2383. 

of tearing, 2387. 

— compressive, of materials, 2382. 
of materials, 2377. 

~— of roUed Iron beams, 2406. 

Stretcher, 479. 

Stroke. 2938. 

Strut. 667. 

Struts and ties, distinction between, 2818. 

Struve's ventilator. 1448. 

Stnooo, bastard, 265. 

Submarine cables, 2997. 

Atlantic telegr^>h. 3002. 

machinery for laying, 3003. 

machinery for picking up, 3007. 
Sucking ventilators, 1461. 
Sues Cinal. 917. 
Sugar, darification, 294S. 

— concentration of cane-jnloe^ 2946. 
curing, 2949. 

ev^iorating apparatus, 144ft. 

— - evaporation, 2946. 

filtration, 2945. 

machineiy, 2938. 

oentriAigal machine, 2950. 

Fryer's concretor, 2949. 

vacuum pan, 2947. 
mill, 3938. 

combined cane, 2M0. 
Sun burner, ventilation 1^, 3044. 

— wheel, 2953. 
SurfMe-drainage pomps, 2689. 
Surveying, 2953. 

and leviUlng, 2953. 

boning. 2971. 

chaining base Unos, 2954. 

contours and hill shading, 2971. 

oonection for curvature, 2969. 

correction for refraction, 2970. 

enlarging and reducing plans, 2966. 

field-book, 2960. 

laying oflT perpendiculars, 2954. 

levelUng, 2966. 

messurement of hills, 2959. 

obstructions in base IVom, 295ft. 

plan drawing, 2964. 

planning a survey, 2963. 

plotting, 2964. 

plotting section, 2973. 

raUwsy, 2711. 

_ _. rednctiMi of levels, 2968. 
_— ^^, surveying chains, 2954. 

traverse surveying, 296X 

bistramenta, 2974. 

box sextant 2974. 

for measuring angles by reflection, 
2974. 

prismatic ernnpass, 2976. 

tapes, 2974. 

the chain, 2974. 

theodolite, 2977. 
Suspension bridges, 741, 760. 
Sn-Agr-hlncks. 1808. 
Swi^-bridge, IqrdrauUc^ over the river Ouac, 791. 
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Switch. 2983. 

box. Deaa and Rapier's, 2603. 

PareoQB and Baynes'. 2601. 

Ransomes and Kapler's, 2602. 

Switches, points, and croflsings, 2600. 
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_ ABLE, Rittlnger's pereasslon. 2550. 
Tangye's hydraulic lifung-Jaek, 2169. 

special mining pump, 2683. 

Tank locoaiDtlye for sharp curves, 1421. 

Tanners' and carriers' haod-tools, 1826. 

Tap, 2983. 

Tappet, 2983. 

Tearing strength of materials, coelBelents of, 

2387. 
Telegraphy, 2983. 

batteries, 266, 639, 2983. 

earth-wires and plates^ 2993. 

insulators, 2990. 

— — poles, 2989. 

testing Joints sod distance of fault, 2994. 

testing of Joints, insulated wire, 2997. 

—— submarine cables, 2997. 

underground wires, 2993. 

wire, 2985. 

Telemeters, 1772. 
Telescopic steam pllenlriyer, 2639. 
Temperature at boiling-point, fixity ot 419. 
—- increase of^ caused by expenditure of f^el, 

401. 
^— of bodies, relation of. to heat» 394. 
of boiling-point, inflneBos of solMtsiifies In 

dissolution upon, 421. 
Tenaille, fortification. 1534. 
TenaiUon. fortification, 1534. 
Tenoning machinery, 3103. 
Tensile strength, experiments, 333. 
Tension-rollm, 314. 

Tensions, gFaphlcal determinaUon of. 669. 
Testing machine, 3009. 
Thatching, 1033. 
Theodolite, 2977. 

Everest's. 2979. 

Thermo-electrldty. 270. 
Thirion's pump. 1944. 
Thomson and Oo.'s calender, 899. 
Thomson's boiler, 389. 

water-wheel, 1933. 

Threshing machine, 14, 223. 

T\e, 667. 

"Hes and stmts, distinction between. 2818. 

TUes, 1033. 

Timber bridge oonstmction, 736. • 

^^ oblique tyridites, 734. 

-— presenratlon of, 2205. 

— — roofs, 2788. 

rule for calculating heartwood In, 2586. 

Tin, 3012. 

— — and coppersmiths' tools, 1809. 

— «• dressing, 2527. 

bttddllng. 2528. 

— — circular buddies^ 2529. 

dilluing. 2634. 

— — — — packing. 2529. 

— « roasting, 2533. 

spalling, 2527. 

— — ~— stamping, 2527. 

_- . the hand-finsme. 2533. 

— the separator, 2S3'J. 

tosdng, 2528. 

— ^ ores of, 3013. 

salts ot 3013. 

Tinning of brass and oq^ier, 1558. 

Tongs, smiths', 1529. 

Tools, coopersT, 1814. 

— — engravers'. 1816. 

^— hand, 1796. 

»-» metal-turning. 1817. 

— print-cntten^uid carren', 1825. 

— • tanners' and curriers'. 1826. 

— — tin and coppersmiths'. 1809. 

Toothed wheels, apparatus for moaldlog, 1558. 

Torsion, strain of, 2400. « 

Tossing tin ores, 2528. 

Toulonse water-works, filtering galleries, 3075. 

Towle's apparatus for driving sheet piles, 2622. 

Tracing, graphic, 406, 416. 

Tractive force, 9. 

Tn^ectory and Telodty of pfrqjectilei, 1722. 

Tnoisport, cost of railway, 2705. 

Transverse strain, 2388. 

Tnvene, fortification. 1534. 

Trigonometrical lines, relations oA 688. 

Trimmer, brick, 665. 

Trowels, 1833. 



TroaiL hnproved Howe, 675. 

Long's. 673. 

McGallum's Inflexible arched. 677. 

Roebllng's parabolic. 702. 

Steele's improved Burr. 674. 

the Burr. 672. 

the Howe, 673. 

Tube-expander, hydraulic^ 335X 

well, 159. 

Tubing for borings, 613. 
'—— india*rubber, 2010. 
Tunnelling 2720, 3014. 
Tunnels, 2710. 
Turbine, Leffel's double, 3020. 

the screw-wheel, 1932. 

I'urbines, 1922, 3014. 

Eoler's, 1924. 

Foumeyron's system, 1923. 

Girard's, 1935. 

lifting, 1953. 

Jonval's, 1929. 

Thomson's, 1923, 1936. 

with hortsontal axis, 1930. 

Turn-table, 3022. 

Turning machines, wood, 3115 

Turnlp-culters, 229. 

Tuyere, 3023. 

Twisting rules, oblique arch, 3533. 

Tyennan's hoop-iron Ixmd, 483. 

Tyne Docks. South Shields. 1354. 

Type-founding machine, Caslon and Fisgg's^ 1665. 
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NDEESHOT wster-whed, 1611, 1917, 3033. 
Unity of heat, 393. 
Universal Joint, 3033. 
UnUmlted pomps, 1945. 



ALYE, escspe, 1446. 

safety, 1183, 3837. 

Valves of pomps, 3673. 

Van Paten's process, silver ores, 3887. 

Velocity, 303S. 

and tnO^ctoiy of projectiles, 1733. 

sngular, 95. 

virtual. 3053. 

Ventilating fan, Ouibal's, 1447. 1449. 

Nasmyth's, 1449. 

Ventilation and warmlnc. 3023. 

I>ry8dale and Hay ward's system, 8039. 

barracks, 3044. 

— — causes of vitiation in atmosphere, 3023. 

composition of atmospbolc air, 3023. 

Grisomi's method. 3041. 

Joly's method, 3042. 

»— means of renewing atmosphere, 3034. 

of ball-rooms, 3043. 

barracks, 3044. 

bed-rooms, 3043. 

club-houses, 3038. 

dwelling-houses, 3039. 

hospitals, 3036. 

kitchens, 3043. 

mines, 1447. 

prisons, 3044, 3045. 

schools, 3039. 

— theatres and public rooms, 3032. 
— — quantity of air required for, 3024. 

— Vienna prin plan, ^31. 

warming of ventllattve current, 3035. 

Ventilator, 1460. 

Lemielle's, 1U9. 

Strovi'i^ 1448. 

VentlUtors, blowing, 1463. 

socking, 1461. 

Vertical engine, 3913. 

Viaduct. 3060. 

Vicar's bresd and biscuit making machinery, 

637. 
Vice, 3053. 
Victoria Docks, 1334. 
Virtual velocity, 3063. 
Vis inertia, 3053. 
viva, 3053. 

Wi^OON. ballaflC ai8L 

boiler, 390. 

flum or contractor^, 16. 

Walls, 1031. 

boulder, 684. 

breast, 640. 

of firamed work. 102a 

Walter printing preM, 2669 
Warming, 3045, 3053. 



Warmhig by gss. 3060l 

hot water. 3046. 

«— steam, 3049. 
^— grates, 3046. 

stoves, 3047. 

Wsshing machine for dreorfng silver < 
Water, analysis of, 3053. 

boring for, 125. 

density of. 1886. 

ebullition of, 419. 

— effects of ountractioD of orifioes oa flow <^ 

1889. 
flow of, throngji conicsl oonvergiQg tdbmt 

1901. 
flow ot through coolcsl diwpng tabes, 

1904. 

flow through cvlindriosl sjotages, 1394l 

flow of. Uirou^ orifices, 1887. 

flow of, through orifices in thin partiti^ n^ 

1892. 

flow of. onder very amsll heads. 1906. 

•— hanlncwB of, 3054. 

lines, chief; ship-building, 382. 

ship-buildiiig. 387. 

mangle^ More's, 903. 

— >— meter, 3467. 

motion and velocity of, upon wheels. 2SB9. 

motion ot, in csnaU^ 907. 

Water-peesure engine, Pfetsh's 

double-«ctlon, 1978. 

engine, Betchenbacfa's, 1976u 

engines, 1973. 

p r ess u re of, 1119. 

purification of, 3071. 

distillation, 307L 

filler beds, 307L 

filtration, 3071. 

regulator, 3077. 

specific weight ot 1886. 

BUf^ly and drainage areas, 30€1« 

pumps for, 2689. 

the fluid vein, 1889. 

wheel, overshot, 3557. 

Ponoelet's, 3660. 



wheels, 1913, 3446, 2557, 3660. 
— ~ breast, 1915. 

float, 1511, 1917. 

helicoldal float, 1917. 

— — siphon, 1918. 

the vortex, 1933. 

the Wssserling, 1914. 

Thomson*s, 1932. 

turbines, 1922. 3014. 

undershot, 1930, 3033. 

works, 3053. 

analysis of water. 3063. 

— — • artificial wster-channds. wtthoai ra^- 

soniy. 3063. 
-^ choice between pipes and ooodaits. 
3066 

construction of, at Paldey, 3978. 

culverta. critical examination of, SOtt. 

culverts, different kinds of, 306L 
- culverts to contain pipes, 3066. 

distribution of plpee^ 3067. 

general principles on the cboioe of 
coodoits. 3067. 

hardness of water, 3064. 

inclination and section of lieedera and 
conduits, 3063. 

limit of the aqueduct at the l«aii> 
daries of the distribotion. 3070. 

necessity snd position of dJstxitoatiiis 
reservtrirs. 3070l 

pnrificstlon of water, 30tl. 

rainfall, 3066. 

ninrall. tables of, 3056. 

springs, 3057. 

stone or brick oondutta, 3062. 

store RservoirB, 3068. 

water supply and drainage area^ soei. 



Watson's breedHnMung mscbineiy, 630. 

Vftb, 3087. 

Wedg^ 308T. 

Weighing machine, 311, 315, 1983. 3067. 

hydrsullc, 1982. 

Weirs, 2743, 3760. 

and dams, retaining walls. 3743, 

Wesserling wate^ wheel. 914. 
Wheat-hulling macfaine. 2493. 
Wheel-boring machine, 3344. 

and axle, 3087. 

cutting machine, 3337. 

bubs. Silver's machine for hoiin& 180S. 

press, hydrostatic, 3345. 

— quaiterlng machine, 334X 



WbeelA, apparmtoa for monlding toothed, 16U. 

carves for ieeth of; 1621. 

dimensioDB and forms of testb, 1628. 

Whitewash. 1064. 

Whittle boiler, 390. 

Whiiworth's spparatos for casting steel nnder 

preBSure, 1562. 
Wind presrare on rooflii 2821. 

velocity of, 89. 

Winding engine, Fletcher and Co.'s, 1424. 

Windmills, 2460, 2476. 

Windows, 1046. 

Wire gauge, Birmingham, 1620. 

ropes, 2831. 

flat, 2833. 



INDEX. 

Wire popes, formed, 2832. 

liild. 2833. 

selvagee, 2831. 

Wolf lighthouse, 2265. 
Wolkston battery, 268. 539. 
Wood-boring machine. 3104. 

planing machine, 3095. 

sbaping machine, 31o7. 

machineiy, 3107. 

turning machines, 3116. 

Wooden bridges, 671, 735. 

Woodwork, painting, 1061. 

Wood- working machinery, 308T. 

Work deireloped by expansion of stetm, 434. 

done with ftill pressure of steam 423. 
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Working load, 2406.. 

Wonn, 3116. 

Wort-coolers and relVigentors, 1066. 

Wrench. 3116. 

Wrought iron, 2066. 



Z. 



__ERO, 1827, 3116. 

Ziervogel's proce&s of treatiog sOvtr om. 3886. 

Zigzag, 3116. 

fortification, 1634. 

Zinc, 3116. 

ores ot 3116. 

aalUof,31l7. 



THB END. 
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